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SUMMARY 


The  primary  objective  of  this  research  program  for  the  U.S.  Army 
Toxic  and  Hazardous  Materials  Agency  was  to  define  simple,  quantitative, 
sensitive  analytical  methods  for  the  determination  of  cyclotrimethylenetri- 
nitramine  (RDX) ,  dinitrotoluene  (DNT),  trinitrotoluene  (TNT),  2,4,6-trini- 
trophenylmethylnitramine  (tetryl)  and  pentaerythrite  tetranitrate  (PETN)  in 
four  animal  tissues  (plasma,  kidney,  muscle/fat,  and  liver)  and  two  plant 
matrices  (leaves  and  stems).  High  performance  liquid  chromatography  (HPLC) 
was  selected  as  the  analytical  technique  for  this  research  project  because 
it  had  the  necessary  sensitivity,  linearity,  precision,  accuracy,  and  sepa¬ 
ration  characteristics  for  the  detection  and  quantification  of  the  munitions 
at  low  levels,  i.e.,  100  ng/g.  An  HPLC  analytical  system  was  defined  which 
separated  RDX,  DNT,  TNT,  and  tetryl  in  a  single  chromatographic  analysis 
and  with  an  ultraviolet  (UV)  detector  at  254  nm,  detected  and  quantitated  a 
minimum  of  5  ng  of  each  munition  injected  on  column.  This  analytical  system 
consisted  of  a  Spherisorb  ODS,  5  p,  250  x  4.6  mm  ID  column;  a  28-30%  aceto¬ 
nitrile  in  1%  acetic  acid  in  water  eluent;  and  a  flow  rate  of  1.5  ml/min. 

The  analytical  technique  was  employed  to  evaluate  sample  preparation  proce¬ 
dures  to  isolate  the  munitions  from  the  various  matrices.  Simple  liquid- 
liquid  or  liquid-solid  extraction  techniques  were  defined  for  the  determin¬ 
ation  of  RDX,  DNT,  and  TNT  in  each  of  the  animal  tissues  and  for  DNT  and 
TNT  in  the  plant  stem  matrix.  Tetryl  could  not  be  analyzed  in  any  of  the 
matrices  because  it  apparently  adsorbed  to  the  protein  or  other  macromole¬ 
cules  present  in  the  matrix.  Matrix  components  which  interfered  with  HPLC 
elution  positions  of  RDX  and  DNT  prevented  the  definition  of  a  simple  extrac 
tion  technique  for  these  munitions  in  the  plant  leaves  matrix.  Each  of  the 
developed  sample  preparation  techniques  gave  a  linear  response  to  the  muni¬ 
tion  during  validation  of  the  method.  The  methods  were  validate’  by  prepar¬ 
ing  and  analyzing  duplicate  samples  of  each  matrix  spiked  at  five  different 
levels  and  matrix  blanks  on  four  separate  days.  The  summary  table  presents 
the  linear  regression  equations  and  correlation  coefficients  for  each  muni¬ 
tion  for  the  various  matrices  and  gives  the  detection  limit  for  the  munition 
as  determined  by  the  Hubaux  and  Vos  detection  limit  program. 

PETN  required  a  215-nm  UV  detector  for  quantification  and  a 
slightly  different  HPLC  eluent  and  could  not  be  analyzed  with  the  other 
munitions.  The  analytical  system  defined  for  PETN  utilized  the  same  HPLC 
column  and  40%  acetonitrile  in  high-purity  water  (the  use  of  an  acid  modi¬ 
fied  with  this  system  was  not  possible  since  the  organic  acid  has  absor¬ 
bance  at  215  nm).  The  system  had  the  necessary  sensitivity  and  linearity 
to  provide  quantitative  data  at  the  100  ng/g  level.  Studies  were  conducted 
to  define  sample  preparation  procedures  tor  PETN  in  the  biological  matrices. 
A  simple  liquid-liquid  extraction  technique  was  developed  and  validated  for 
PETN  in  plasma.  However,  simple  extraction  of  the  other  matrices  was  not 
sufficient  for  PETN  determination  as  a  number  of  components  with  215  nm  ad¬ 
sorption  were  also  extracted  and  interfered  with  the  HPLC  determination  of 
PETN.  The  summary  table  gives  the  linear  regression,  correlation  coefficien 
and  detection  limit  for  PETN  in  plasma. 
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using  the  Hubsux  sad  Vos  detection  liait  progrsa. 

Detection  liaits  determined  free  spiking  level  series  of  0,  50,  100,  200,  500,  snd  1,000  ng/g 
using  the  Hubsux  snd  Vos  detection  liait  progrsa. 

A  liver  component  co-eluted  with  RDX  snd  represented  113  ±  18  ng/g  RDX  in  the  blsnk  ssaples. 
Thus,  s  150-ng/g  detection  liait  for  RDX  in  the  liver  astrix  is  realistic. 


CONCLUSIONS 


Quantitative  HPLC  analytical  methods  have  been  defined  for  the 
determination  of  RDX,  DNT,  and  TNT  in  animal  plasma,  kidney,  muscle/fat, 
and  liver  samples;  DNT  and  TNT  in  plant  stems;  and  PETN  in  plasma.  A  sim¬ 
ple  liquid-liquid  or  liquid-solid  technique  was  employed  to  isolate  the 
munitions  from  the  biological  matrix  followed  by  reverse  phase  HPLC  to 
separate  the  munitions  from  each  other  and  matrix  components;  detection  and 
quantification  were  by  UV  at  254  nm  for  RDX,  DNT,  and  TNT  and  215  nm  for 
PETN.  Each  of  the  developed  methods  has  the  necessary  linearity,  precision, 
accuracy,  and  sensitivity  to  quantitate  low  levels,  i.e.,  approximately  100 
ng/g,  of  the  munitions. 

Methods  were  not  defined  for  tetryl  in  any  matrix  due  to  apparent 
adsorption  of  the  munition  by  macromolecules  in  the  matrix.  HPLC  interfer¬ 
ences  from  the  matrix  prevented  method  definition  for  RDX  in  plant  stems; 
RDX,  DNT,  and  TNT  in  plant  leaves,  and  PETN  in  animal  kidney,  muscle/fat, 
and  liver  and  plant  leaves  and  stems.  Additional  studies  are  necessary 
using  more  elaborate  sample  preparation  procedures  such  as  adsorption  or 
partition  column  chromatography  to  define  those  methods. 
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RKCOHMEKDATIOXS 


Additional  studies  using  more  elaborate  sample  cleanup  procedures 
should  be  conducted  for  the  isolation  of  RDX t  DXT,  and  TYT  i*.  the  plant  ma¬ 
trix  and  PETR  in  all  matrices  except  plasma.  The  cleanup  procedures  recom¬ 
mended  for  future  study  include  double  liquid-liquid  extraction  using  sol¬ 
vents  with  different  polarity,  adsorption  column  chromatography ,  and/or 
partition  column  chromatography.  These  techniques  may  provide  sufficient 
cleanup  of  the  biological  samples  so  they  can  be  analyzed  by  the  defined 
WLC  analytical  techniques. 

The  results  and  statistical  evaluation  of  the  data  for  the  HPLC 
determination  of  RDX,  DhT,  arid  T7TT  in  plasma  and  kidney  matrices  were  ob¬ 
tained  using  a  spiking  series  of  0,  100,  500,  1,000,  1,500,  and  2,000  ng/g. 

For  the  other  matrices,  the  spiking  series  was  0,  50,  100,  200,  500,  snd 
1,000  ng/g.  The  plasma  and  kidney  matrices  should  be  reanalyzed  using  the 
second  series  so  that  the  statistical  evaluation  of  the  data  by  the  Hubaux 
and  Vos  detection  limit  program  will  provide  detection  limits  closer  to  the 
values  observed  during  the  assay  of  these  samples.  The  lubaux  sod  Vos  detec¬ 
tion  limit  program  uses  the  standard  deviation  at  the  varloua  levels  to  deter¬ 
mine  the  confidence  of  analysis  at  that  level.  As  would  be  expected,  the 
standard  deviation  at  a  level  of  2,000  ng/g  is  substantially  higher  than  at 
100  ng/g.  Bv  using  acre  low  level  spiked  samples,  as  is  done  with  the  second 
series,  the  -candard  deviation  term  is  lower,  giving  a  more  accurate  detection 
limit.  Another  means  of  calculating  the  detection  limit  it  to  replace  the 
atandard  deviation  term  with  a  relative  standard  deviation  term.  Then,  the 
percent  variation  at  each  level,  which  is  usually  relatively  constant  over 
a  concentration  range,  ia  employed  to  define  the  detection  limit. 


BEST  AVAILABLE  COPY 


I. 


INTRODUCTION 


Under  Contract  No.  DAAK11-79-C-0110,  entitled  "Identification  or 
Development  of  Chemical  Analysis  Methods  for  Plants  and  Animal  Tissues," 
_fl£udies  have  been  conducted  to  define  quantitative  analytical  methods  for 
the  determination  of  various  munition  compounds  in  biological  matrices. 

The  munition  compounds  evaluated  included  cyclotrimethylenetrinitramine 
(RDX) ,  dinitrotoluene  (DNTV,  trinitrotoluene  (TNT),  pentaerythrite  tetra- 
nitrate  (PETN),  and  2,4,6 -trinitrophenylmethylnitramine  (tetryl).  The 
biological  matrices  selected  for  study  were  animal  plasma,  kidney, 
muacle/fat,  and  liver  and  plant  leaves  and  stems. 

The  analytical  methods  were  to  be  able  to  detect  and  quantitate 
the  munition  compounds  at  the  100  ng/g  (parts  per  billiou)  level  and  were 
to  be  designed  to  utilize  readily  available  analytical  instrumentation,  to 
be  able  to  analyze  a  number  of  samples  in  a  routine  manner,  and  to  be  cap¬ 
able  of  providing  the  final  results  in  a  relatively  short  time.  The  devel¬ 
oped  methods  may  have  application  in  assessing  the  environmental  contamina¬ 
tion  of  these  munitions  in  the  plants  and  animals  at  munition  production 
facilities  or  in  the  immediate  area. 

This  report  describes  the  research  effort  to  develop  the  analytical 
methods  for  munition  compounds  in  biological  matrices 


II.  EQUIPMENT  AND  MATERIALS 

A.  Equipment 

The  instrumentation  employed  during  the  course  of  the  research 
program  consisted  of: 

1.  Isocratic  HPLC  instrument  consisting  of  a  Waters  Model  6000A 
pump.  Waters  Model  U6K  injector,  Waters  Model  440  UV  detector  (254  nm  filter), 
and  a  Heath-Schlumberger  Model  SR-204  strip  chart  recorder. 

2.  Isocratic  HPLC  instrument  consisting  of  a  Waters  Model  60Q0A 
pump,  Waters  Model  U6K  injector,  Varian  Model  UV-50  variable  wavelength 
detector  (190  to  700  nm),  and  a  Heath-Schlumberger  Model  SR-204  strip  chart 
recorder. 


3.  General  purpose  centrifuge,  Dyrac,  Clay  Adams  0101,  with 
24-place  and  8-place  heads. 

4.  A  Waring  multi-speed  blender  with  a  glass  container. 

5.  A  Teflon-glass  motor  driven  homogenizer. 


B.  Laboratory  Glassware  and  Equipment 

1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Volumetric  flasks  (100  ml). 

3.  Volumetric  syringes  (0-100  pi,  0-500  pi,  and  0-1,000  pi). 

4.  Automatic  pipettor  (0-5  ml). 

5.  Filtering  apparatus  including  filter  holders,  5-ml  disposable 
syringes,  and  0.45  p  Fluoropore  filters. 

6.  Inert  gas  (nitrogen)  drying  train  with  12  ports. 

7.  Inert  gas  (helium)  apparatus  for  degassing  HPLC  eluents. 


C.  Chemicals 

1.  Toluene,  hexane,  ethyl  acetate,  isopropanol,  and  acetonitrile, 
"Distilled  in  Glass"  grade  from  Burdick  and  Jackson.  Note:  Solvents  of 
lesser  quality  should  not  be  employed  or  interfering  peaks  may  be  observed 
on  the  HPLC  chromatograms. 

2.  Acetic  acid,  sodium  chloride,  and  ammonium  dihydrogen  phosphate, 

ACS  grade. 

3.  High  purity  water  from  a  Milli-Q  water  purification  system. 

4.  RDX,  DNT ,  TNT,  PETN,  and  tetryl  SARMs  from  the  U.S.  Army  Toxic 
and  Hazardous  Materials  Agency. 

5.  Internal  standards  -  propiophenone ,  butyrophenone ,  and  valero- 
phenone,  analytical  grade. 


D.  Animal  Tissues  and  Plants 

The  various  animal  tissues,  plasma,  kidney,  muscle/fat,  and  liver, 
to  be  studied  were  obtained  from  cattle  at  the  time  of  slaughter  at  a  local 
(Kansas  City,  Missouri)  slaughter  house.  The  cattle  blood  was  collected  in 
250  ml  centrifuge  tubes  containing  heparin  (to  prevent  clotting),  placed  in 
ice,  and  transported  to  Midwest  Research  Institute  (MRI) .  Upon  arrival  at 
MRI,  the  blood  was  centrifuged  and  the  plasma  transferred  to  culture  tubes. 
The  plasma  was  frozen  and  stored  at  -80°C  until  use  in  method  development. 
The  kidney,  muscle/fat,  and  liver  samples  obtained  at  the  same  time  as  the 
blood  were  placed  in  freezer  bags  and  transported  to  MRI  in  ice  chests  con¬ 
taining  dry  ice.  Upon  arrival  at  MRI,  the  tissues  were  cut  into  pieces 
(approximately  2-in.  squares),  placed  in  freezer  bags,  and  stored  at  -80°C 
until  use  in  method  development. 
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Plant  leaves  and  stems  were  obtained  from  a  horse  pasture.  The 
leaves,  including  grass,  and  the  stems  were  placed  in  freezer  bags,  trans¬ 
ported  to  MRI  in  ice  chests  containing  dry  ice,  and  stored  at  -80°C  until 
use  in  method  development. 


E.  Reference  Stock  Solutions 


Reference  stock  solutions  of  each  munition  compound  and  internal 
standard  were  prepared  and  stored  at  4°C.  The  tetryl  stock  solutions  were 
wrapped  in  foil  to  prevent  degradation  by  UV  light. 

1.  Munition  Stock  Solutions:  Approximately  20  mg  to  the  nearest 
0.1  mg  of  munition  compound  SARM  (RDX,  DMT,  TNT,  PETN,  and  tetryl)  were 
weighed  into  separate  100-ml  volumetric  flasks  and  the  weight  recorded. 

Each  munition  was  dissolved  in  acetonitrile  and  volume  adjusted  to  100  ml. 

The  concentration  of  each  muntion  was  200  pg/ml.  A  20-ml  aliquot  from  the 
RDX,  DNT,  TNT,  and  tetryl  stocks  was  quantitatively  pipetted  into  a  100-ml 
volumetric  flask  and  the  volume  adjusted  to  100  ml  with  high-purity  water. 

The  concentration  of  RDX,  DNT,  TNT,  and  tetryl  in  this  stock  solution  was 
40  (Jg/ml.  A  20-ml  aliquot  from  the  PETN  stock  was  quantitatively  pipetted 
into  a  100-ml  volumetric  flask  and  diluted  to  volume  with  high-purity  water 
(PETN  concentration  -  40  pg/ml).  The  PETN  stock  was  prepared  separately 
from  the  other  munitions  since  the  analytical  technique  for  PETN  was  differ¬ 
ent  from  the  method  for  RDX,  DNT,  TNT,  and  tetryl. 

2.  Internal  Standard  Stock  Solutions:  Approximately  10  mg  to 
the  nearest  0.1  mg  of  each  internal  standard  (IS)  (propiophenone,  butyro- 
phenone,  and  valerophenone)  were  weighed  into  separate  100-ml  volumetric 
flasks,  the  weights  recorded,  and  the  sample  diluted  to  volume  with  aceto¬ 
nitrile.  The  concentration  of  each  IS  was  100  pg/ml.  A  10-pg/ml  stock  of 
each  IS  was  prepared  by  quantitatively  pipetting  10  ml  of  the  100-pg/ml  stock 
into  separate  100-ml  volumetric  flasks  and  diluting  to  volume  with  acetoni¬ 
trile. 


F.  Calculation  of  Data 


The  data  obtained  during  this  program  were  calculated  using  the 
relative  weight  response  (RWR)  to  an  internal  standard  method.  Reference 
solutions  of  the  munition  compounds  were  assayed  and  the  RWR  of  each  com¬ 
pound  determined  by  Eq.  1. 


RWR  Cpd/IS  = 


Peak  Height  Cpd 
Peak  Height  IS  x 


ng/ml  IS 
ng/ntl  Cpd 


(Eq.  1) 


The  RWR  value  of  the  reference  solution  was  then  employed  to  calculate  the 
level  of  the  munition  in  a  prepared  sample  aliquot  by: 


ng  Cpd  _  Peak  Height  Cpd  ng/ml  IS 
aliquot  "  Peak  Height  IS  X  RWR  Cpd/IS 


(Eq.  2) 
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If  the  tuple  taken  for  analysis  was  1.0  al  or  1.0  g,  the  ng  Cpd/aliquot 
vat  equal  to  ng  Cpd/ml  or  parts  per  billion  (ppb)  compound  in  the  taaple. 

If  the  taaple  taken  was  not  1.0  al  or  1.0  g,  the  ng  Cpd/al  was  calculated 
by  dividing  the  ng  Cpd/aliquot  by  the  same  volume  or  weight. 

The  data  obtained  for  the  analysis  of  duplicate  samples  at  five 
levels  on  four  separate  days  for  each  munition  were  subjected  to  statistical 
analysis.  The  average  of  the  eight  data  points  at  each  level,  the  standard 
deviation,  coefficient  of  variation  (relative  standard  deviation),  and  per¬ 
cent  inaccuracy  were  determined  by  the  following  equations. 


The  data  were  also  subjected  to  linear  regression  analysis  and  the  slope, 
y-intercept,  and  correlation  coefficient  determined  for  each  munition  in 
each  matrix.  The  detection  limits  for  the  munitions  in  a  matrix  were 
determined  by  the  Hubaux  and  Vos  detection  limit  program  and  were  generated 
at  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency. 


ANALYTICAL  (INSTRUMENTAL)  TECHNIQUES 


The  first  phase  of  the  research  progru  was  to  define  and  validate 
the  analytical  techniques  to  be  employed  for  the  determination  of  RDX,  DNT, 
TNT,  PETN,  and  tetryl  in  the  various  biological  matrices.  Each  munition 
compound  was  scanned  from  350  to  200  nm  to  determine  the  wavelength  maxima 
and  extinction  coefficients.  These  data  indicated  that  RDX,  DNT,  TNT,  and 
tetryl  had  sufficient  UV  chromophores  at  254  nm  for  detection  and  quantifi¬ 
cation  by  HPLC .  However,  PETN  gave  a  minimum  at  254  nm  and  a  maximum  at 
215  nm  and  required  a  different  detection  system  than  the  other  munitions. 
Studies  were  conducted  to  determine  the  HPLC  conditions  necessary  to  separate 
RDX,  DNT,  TNT,  and  tetryl  and  to  define  an  internal  standard  (IS)  for  calcu¬ 
lation  purposes.  Also,  the  HPLC  conditions  necessary  to  analyze  PETN  were 
evaluated.  The  various  HPLC  systems  evaluated  during  the  project  are  summa¬ 
rized  in  Table  1.  The  development  of  each  of  these  methods  is  presented  in 
detail  in  the  following  paragraphs. 


HPLC  ANALYTICAL  SYSTEM  INVESTIGATED  FOR  MUNITION  COMPOUND  DETERMINATION 


/ 


A.  RDX,  DWT,  TNT,  and  Tetryl  HPLC  Parameters 


Previous  studies1  on  these  munitions  had  shown  that  each  could  be 
analyzed  on  a  reverse  phase  column  (Waters  pBondapak  C-18).  The  separation 
of  the  four  compounds  in  a  single  HPLC  system  had  not  been  demonstrated. 

Two  reverse  phase  HPLC  columns,  pBondapak  C-18,  10  p,  and  Spherisorb  ODS,  5 
p,  were  evaluated  using  methanol  or  acetonitrile  in  1%  acetic  acid  eluents. 

The  initial  studies  were  conducted  using  interim  SARMs  of  RDX,  DNT,  and  TNT; 
no  interim  SARM  for  tetryl  was  available.  The  results  indicated  that  base¬ 
line  separation  of  RDX,  DNT,  and  TNT  was  possible  with  either  column  or  or¬ 
ganic  solvent.  The  elution  position  of  TNT  varied  depending  on  the  eluent; 
with  methanol,  TNT  eluted  prior  to  DNT  and  with  acetonitrile,  after  DNT. 

The  peak  shape  was  superior  with  the  Spherisorb  column,  and  acetonitrile 
was  expected  to  be  employed  in  the  sample  preparation  of  biological  matrices 
(see  Section  IV).  The  Spherisorb  column  with  an  acetonitrile  eluent  was 
selected  (HPLC  System  I).  Two  possible  IS's  were  identified,  propiophenone 
(IS-1)  and  butyrophenone  (IS-2).  The  retention  volumes  for  the  three  muni¬ 
tion  compounds  and  the  two  IS's  on  the  Spherisorb  ODS,  S-p  column  with  a 
401  acetonitrile  in  1%  acetic  acid  eluent  were:  RDX  -  8.5  ml,  propiophenone  - 
13.5  ml,  DNT  -  16.5  ml,  TNT  -  18  ml,  and  butyrophenone  -  21  ml.  A  short 
linearity  study  indicated  that  the  three  munitions  gave  a  linear  response 
from  25  to  10,000  ng/ml  and  that  3  ng  injected  on  column  could  be  detected 

and  quantitated.  The  results  of  the  linearity  study  are  summarized  in  Table 

2.  The  raw  data  and  calculations  are  given  in  Tables  A-l,  A-2,  and  A-3  of 
Appendix  A.  Table  2  gives  the  relative  weight  response  (RWR)  for  each  muni¬ 
tion  to  both  IS's  at  the  various  concentration  levels  studied  and  presents 

the  linear  regression  evaluation  of  the  ratios  of  the  peak  heights  of  com¬ 
pound  to  IS  to  the  ng/ml  compound  present.  Figure  1  presents  an  HPLC  chro¬ 
matogram  of  a  reference  solution  containing  50  ng/ml  of  each  munition  (2.5 
ng  of  each  compound  injected  on  column)  on  the  Spherisorb  ODS  column  with 
the  40%  acetonitrile  in  1%  acetic  acid  eluent. 

The  evaluations  described  above  were  conducted  using  interim  SARMs 
of  RDX,  DNT,  and  TNT.  After  receiving  the  SARMs  for  each  munition  from  the 
D.S.  Army  Toxic  and  Hazardous  Materials  Agency,  reference  stock  solutions 
as  described  in  Section  II. E.  were  prepared.  The  HPLC  system  defined  above 
did  not  separate  TNT  and  tetryl,  and  additional  studies  were  conducted  to 
determine  the  necessary  parameters  for  separation.  Changes  in  both  the  or¬ 
ganic  phase  concentration  and  the  aqueous  phase  modifier  were  evaluated. 
Separation  of  the  four  munition  compounds  was  possible  with  a  20%  acetonitrile 
in  0.035  M  ammonium  acetate,  pH  7  eluent  (HPLC  System  II).  Figure  2  presents 
a  representative  HPLC  chromatogram  for  the  separation  of  the  four  munitions 
with  this  system.  Butyrophenone  (IS-2)  was  not  included  with  this  system 
because  it  had  a.  elution  time  of  over  40  min.  The  linearity  of  this  HPLC 
system  was  evaluated  for  the  four  compounds  by  preparing  and  analyzing  dup¬ 
licate  SARM  reference  solutions  at  100,  500,  1,000,  1,500,  and  2,000  ng/ml. 


*  Doali,  J.  0.,  and  Juhasz,  J.  Chroma tog.  Sci.,  12,  51  (1974);  Yinon,  J. , 
CRC  Critical  Reviews  in  Analytical  Chemistry,  December  1977;  and 
personal  communication  from  Dan  Helton,  MRI,  on  USAMBRDL  contracts. 
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TABLE  2  (concluded) 


■/ 


HPLC  Parameters 


IS-1 


Column  -  Spherisorb  ODS,  5  p 
Eluent  -  40Z  CH^CN  in  water  con¬ 
taining  IX  acetic  acid 
.  Flow  Rate  -  1.5  ml/min 
Chart  Speed  -  0.2  in/min 
Detector  -  UV,  254  nm 
Injection  -  50  pi 


Sample  Characteristics 

Compound 

TNT 
DNT 
RDX 
IS-1 
IS-2 

Retention  Indices 

Retention 


ng 

Injected 

2.5 

2.5 

2.5 

12.5 

25 


Retention 


Volume 

Time  j 

impound 

(ml) 

(min)  ! 

TNT 

18.0 

1 

? 

12.0  ! 

DNT 

16.5 

11.0  ; 

RDX 

8.5 

5.5  | 

IS-1 

13.5 

9.0  j 

IS-2 

21.0 

14.0  j 

10 


15  min 


Figure  1  -  HPLC  Separation  for  TNT,  DNT,  RDX  and  Internal  Standard 

on  the  Spherisorb  ODS  Column 
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Column:  Spherisorb  ODS,  5  u,  250  x  4.6  am  ID 
Eluent:  20Z  acetonitvile  In  0.035  H  aeamlum  acetate 


Determination  of  RDX,  TNT,  DNT,  and  Tetryl  SARM  Reference  Solution  Using  HPLC  System  II 


».■  wuy  ,vj, . 


l!L4flwpi»...p 


The  results  are  are  summarized  in  Table  3.  The  raw  data  and  calculations 
are  given  in  Table  A-4  of  Appendix  A.  The  constant  RWR  values  over  the 
concentration  range  indicate  a  linear  response.  The  precision  of  the  analytical 
technique  is  shown  in  the  relative  standard  deviations  from  the  average  RWR 
value  for  each  munition  compound. 

During  the  initial  sample  preparation  procedure  evaluations  for 
the  determination  of  RDX,  DNT,  TNT,  and  tetryl  in  the  various  biological 
matrices,  both  the  KPLC  System  I  and  System  II  were  employed.  HPLC  System 
I  was  used  with  interim  SARMs  until  tetryl  was  available  and  found  to  co¬ 
elute  with  TNT.  Then,  HPLC  System  II  was  defined  and  utilized  for  sample 
preparation  procedure  studies  on  plasma,  liver,  kidney,  and  muscle/fat  tis¬ 
sues.  During  these  evaluations,  problems  were  encountered  with  the  HPLC 
system.  The  analytical  column  appeared  to  deteriorate  (i.e.,  poor  resolu¬ 
tion  between  the  various  munitions)  after  about  20  injections  of  biological 
matrix  extracts,  and  an  increased  HPLC  pump  pressure  occurred  after  a  few 
injections.  HPLC  System  II  was  not  satisfactory  for  the  routine  determina¬ 
tion  of  the  munitions  in  biological  matrices.  Another  study  was  conducted 
to  evaluate  the  HPLC  conditions  necessary  to  resolve  the  munition  compounds. 

A  new  Spherisorb  ODS  column  was  used  and  a  1%  acetic  acid  aqueous  phase  with 
various  acetonitrile  levels  was  studied.  Complete  separation  of  the  four 
munitions  compounds  was  obtained  with  the  new  column  and  an  eluent  of  30% 
acetonitrile  in  1%  acetic  acid  (HPLC  System  III).  The  precision  and  linear¬ 
ity  of  this  system  was  evaluated  and  these  data  are  presented  in  Technical 
Reports  1,  2,  3,  4,  and  6  in  Appendices  B  through  E  and  G  for  RDX,  DNT,  and 
TNT.  Tetryl  was  not  included  in  these  data  since  the  determination  of  tetryl 
in  the  biological  matrices  was  not  possible  (see  Section  IV).  HPLC  System 
III  proved  to  be  stable  and  reproducible  and  was  utilized  for  each  of  the 
methods  developed  for  RDX,  DNT,  and  TNT  determination.  Slight  changes  in 
the  retention  indices  of  the  munitions  occurred  with  fresh  eluent  or  a  change 
in  the  analytical  column.  A  1  to  2%  adjustment  in  the  acetonitrile  content 
of  the  eluent  was  required  to  obtain  the  desired  resolution. 


B.  PETN  HPLC  Parameters 


As  mentioned  earlier,  PETN  required  a  215-nm  detector  for  detec¬ 
tion  and  quantification.  A  system  similar  to  the  one  defined  for  the  other 
munitions  but  employing  a  215-nm  UV  detector  was  desirable  to  allow  the  anal¬ 
ysis  of  any  of  the  munitions  with  only  slight  modifications.  Acetic  acid 
(and  other  organic  acids)  have  characteristic  UV  absorption  at  215  nm;  thus, 
a  system  containing  only  acetonitrile  and  high-purity  water  was  developed. 

A  relatively  long  chromatographic  time  for  PETN  was  necessary  since  many  of 
the  biological  compounds  that  may  be  present  in  the  prepared  sample  also 
absorb  at  215  nm  and  a  long  retention  volume  may  allow  the  isolation  of  PETN 
from  interfering  compounds.  The  HPLC  parameters  which  met  these  criteria 
consisted  of  a  Spherisorb  ODS,  5-fJ  column  and  an  eluent  of  40%  acetonitrile 
in  high-purity  water.  An  internal  standard  of  valerophenone  eluted  prior 
to  PETN  but  late  enough  in  the  chromatogram  to  isolate  the  IS  from  possible 
interfering  peaks.  Precision  and  linearity  data  for  PETN  for  this  system 
(HPLC  System  IV)  are  presented  in  Technical  Report  No.  5  in  Appendix  F. 


TABLE  3 


HPLC  PRECISION  AMD  LINEARITY  OF  RDX,  DNT,  TKT,  AHD  TETRYi 

SARM  RBFE3EHCZ  SOLUTIOH3 
BFLC  SYSTEM  II 


SARM 

Reference 

Solution 

ng/«l 

Each 

Relative  Weight  Reaponaea 

Ko. 

Munition 

RDX 

TXT 

DKT 

Tetryl 

1-A 

100 

1.08 

1.00 

1.17 

0.58 

1-B 

100 

0.98 

0,89 

1.07 

0.63 

2-A 

500 

0.97 

0.85 

1.05 

0.62 

2-B 

500 

0.95 

0.86 

1.02 

0.62 

3-A 

1,000 

0.91 

0.85 

1.06 

0.50 

3-B 

1,000 

0.90 

0.88 

1.08 

0.49 

4-A 

1,500 

0.98 

0.89 

1.05 

0.59 

4-B 

1,500 

0.91 

0.91 

1.04 

0.59 

5-A 

2,000 

0.98 

0.90 

1.06 

0.56 

5-B 

2,000 

0.91 

0.87 

1.03 

0.57 

Average 

0.96 

0.89 

1.06 

0.58 

ro. 

±  0.06 

±  0.04 

t  0.04 

1  0.05 

RSDC 

5.8% 

4.8% 

3.8% 

8.3% 

Relative  Wei*ht  Re.poo.e  =  *  e|/S  Cpd 


b  SD  =  Standard  deviation, 
c  RDS  =  Relative  atandard  deviation. 
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IV.  SAMPLE  PREPARATION  PROCEDURES 


The  analytical  techniques  for  RDX,  DNT,  TNT,  and  tetryl  and  for 
PETN,  defined  in  Section  III,  were  employed  to  evaluate  sample  preparation 
procedures  for  the  quantitative  determination  of  the  munitions  in  animal 
plasma,  kidney,  muscle/fat,  and  liver  and  in  plant  leaves  and  stems.  The 
primary  objective  of  the  research  program  was  to  develop  sample  preparation 
procedures  which  provided  quantitative  data  on  the  various  munitions  at  the 
100-ng/g  level.  These  procedures  were  to  be  validated  by  analyzing  duplicate 
matrix  samples  spiked  at  five  levels  and  matrix  blanks  on  four  separate  days. 

Another  objective  of  the  program  was  to  provide  sample  preparation 
procedures  which  were  relatively  simple  and  routine  and  had  application  for 
a  variety  of  matrices.  Plasma  waB  selected  as  the  first  matrix  to  be  evalu¬ 
ated.  During  the  evaluations  of  procedures  for  plasma  level  determination 
of  the  five  munitions,  samples  of  the  other  matrices  were  also  studied  to 
determine  the  potential  of  the  plasma  technique  for  kidney,  muscle/fat,  liver, 
plant  leaves,  and  plant  stems  sample  preparation.  A  summary  of  the  sample 
preparation  techniques  evaluated  for  the  five  munition  compounds  in  the  six 
biological  matrices  is  given  in  Table  4.  These  studies  are  presented  in 
detail  in  the  following  sections. 


A.  Animal  Plasma 


The  assay  of  organic  compounds  with  intermediate  polarities  in 
plasma  samples  can  usually  be  accomplished  by  precipitating  the  plasma  pro¬ 
tein  with  an  organic  solvent  such  as  acetonitrile  or  ethanol  and  injecting 
the  supernatant  onto  a  reverse  phase  HPLC  column.  The  technique  is  success¬ 
ful  because  most  of  the  plasma  components  are  fairly  polar  and  can  be  sepa¬ 
rated  from  the  compounds  of  interest.  Reverse  phase  HPLC  has  the  capability 
of  separating  compounds  with  similar  chemical  and  physical  properties,  i.e., 
DNT  and  TNT;  the  elution  order  of  the  technique  is  based  on  the  polarity  of 
the  compounds,  the  more  polar  compounds  being  eluted  first.  The  polar  plasma 
components  may  be  eluted  early  in  the  chromatographic  analysis  followed  by 
the  munition  compounds. 

1.  RDX,  DNT,  TNT,  and  Tetryl  in  Plasma:  Acetonitrile  was  selected 
as  the  organic  solvent  for  plasma  protein  precipitation  since  it  was  utilized 
in  the  HPLC  eluent.  Initial  studies  with  this  technique  were  conducted  using 
HPLC  System  I  and  interim  SARMs  of  RDX,  DNT,  and  TNT.  These  experiments 
with  this  simple  technique  for  sample  preparation  of  plasma  were  encouraging. 
Blank  plasma  samples  had  little  interference  at  the  elution  position  of  the 
munitions;  and  acceptable  recovery,  i.e.,  greater  than  75%,  was  obtained 
for  plasma  containing  10  pg/ml  °f  each  munition.  However,  after  the  plasma 
sample  had  been  precipitated  with  acetonitrile,  the  resulting  solution  did 
not  contain  a  sufficient  munition  concentration  to  detect  and  quantitate 
the  compounds  at  the  100-ng/ml  level.  By  concentrating  the  acetonitrile- 
plasma  supernatant  and  then  diluting  to  a  final  volume  of  1.0  ml,  a  munition 
concentration  of  100  ng/ml  was  detectable.  This  procedure  is  outlined  below. 
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SUMMARY  OF  SAMPLE  PREPARATION  PROCEDURE  EVALUATIONS 
FOR  MUNITIONS  IN  BIOLOGICAL  MATRICES 
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Plat—  Staple  Preparation  Using  Acetonitrile 

1.  Pipette  1.0  al  plataa  into  a  Teflon-lined  acrev  cap  vial. 

2.  Add  2.0  al  acetonitrile.  Note:  When  apiking  the  plasma  with 
the  aunition  compounds,  add  the  proper  level  of  aunitions  in 
a  aaall  volume  of  acetonitrile  and  mix  thoroughly.  Then, 
add  acetonitrile  to  Bake  the  total  acetonitrile  volume  2.0 
al. 

3.  Mix  thoroughly  on  a  vortex  mixer  and  allow  to  stand  a  minimum 
of  2  hr  at  4*C  to  completely  precipitate  the  protein. 

4.  Centrifuge  at  1,000  rpa  for  10  Bin. 

5.  Transfer  the  supernatant  to  a  properly  labeled  culture  tube. 

6.  Wash  the  precipitate  with  2.0  ml  acetonitrile. 

7.  Centrifuge  and  add  the  supernatant  to  the  first  supernatant. 

8.  Concentrate  to  about  100  pi  on  a  40°C  hot  plate  under  a  stream 
of  nitrogen.  Note:  Do  not  allow  the  sample  to  evaporate  to 
dryness  or  the  aunition  compounds  may  be  lost. 

9.  Add  SOO  pi  acetonitrile  containing  the  internal  standards 
and  aix  thoroughly. 

10.  Add  400  pi  1%  acetic  acid  in  high-purity  water  and  aix 
thoroughly.  Note:  Final  volume  is  approximately  1.0  al. 

11.  Filter  the  prepared  sample  through  a  0.45-p  Fluoropore  filter 
into  a  properly  labeled  culture  tube. 

12.  Analyze  an  aliquot  (50-70  pi)  by  HPLC  using  HPLC  System  I. 

This  technique  was  evaluated  by  preparing  and  analyzing  duplicate 
plasaa  aliquots  spiled  with  RDX,  DNT,  and  TNT  at  the  following  levels:  0, 
100,  200,  400,  750,  1,000,  and  2,000  ng/ml.  The  results  showed  that  a  plasma 
coaponent  co-eluted  with  RDX  preventing  the  quantification  of  this  aunition. 
Excellent  recovery  of  DNT  and  TNT  was  obtained  at  each  level;  these  data 
are  suaaarized  in  Table  5;  the  average  recovery  and  standard  deviation  of 
DNT  and  TNT  for  these  plasaa  samples  was  99  ±  4  and  102  ±  5,  respectively. 
Figures  3  and  4  present  representative  HPLC  chromatograms  for  a  blank  plasma 
and  a  plasaa  containing  200  ng/al  RDX,  DNT,  and  TNT  using  this  sample  prep¬ 
aration  procedure  and  HPLC  Syatea  I. 
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TABLE  5 


EVALUATION  OF  ACETONITRILE  PRECIPITATION  PROCEDURE  FOR  THE 
DETERMINATION  OF  DNT  AND  TNT  IN  PLASMA 


Plasma 

ng/ml* 

V 

Solution 

ml 

Munition 

ng/nl  Found 

X  Recovery 

Number 

Plasma 

Added 

DNT 

TNT 

DNT 

TNT 

1-A 

1.0 

0 

ND 

ND 

m 

1-B 

1.0 

0 

ND 

ND 

- 

- 

2-A 

1.0 

100 

94 

95 

94 

95 

2-B 

1.0 

100 

94 

96 

94 

96 

3-A 

1.0 

200 

194 

196 

97 

98 

3-B 

1.0 

200 

195 

198 

98 

99 

4-A 

1.0 

400 

386 

392 

96 

98 

4-B 

1.0 

400 

401 

405 

100 

101 

5-A 

1.0 

750 

717 

742 

96 

99 

5-B 

1.0 

750 

728 

777 

97 

104 

6-A 

1.0 

1,000 

1,003  1 

,074 

100 

107 

6-B 

1.0 

1,000 

1,022  1 

,087 

102 

109 

7-A 

1.0 

2,000 

2,118  2 

,200 

106 

110 

7-B 

1.0 

2,000 

2,059  2 

,156 

103 

108 

Average 

99 

102 

Standard  Deviation 

±  4 

±  5 

a  ng/ml  munition  added 

-  Nanograms  of  RDX,  DNT,  < 

and  TNT 

added  to 

1.0  ml 

plasma. 

b  ng/ml  found  -  Nanograms  DNT  and  TNT  found  per  milliliter  plasma,  RDX 
not  included  due  to  plasma  component  interference. 

c  %  Recovery  =  ffig-gga  *  100 

Note:  Detection  of  RDX  was  not  possible  due  to  an  interfering 
plasma  component. 
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HPLC  Conditions 


5  10  aln 


Column:  Spherisorb  ODS,  5  u , 

250  x  4.6  mm  ID 

Eluent:  402  acetonitrile  in  1Z 
acetic  acid  in  water 
Flow  Rate:  1.5  ml /min 
Chart  Speed:  0.2  in. /min 
Detector:  UV,  254  nm 

Sample  Characteristics 

1.0  ml  Plasma  precipitated  with 
acetonitrile.  Supernatant  concen¬ 
trated  to  about  100  pi,  diluted 
with  500  pi  IS  stock,  and  400  pi 
1Z  acetic  acid  in  water.  Sample 
filtered  and  analyzed. 

IS  Concentration:  200  ng/ml  IS-1 
400  ng/ml  IS-2 

Injection  Volume:  50  pi 
Attenuation:  0.005  X 


Figure  3  -  HPLC  System  I  Analysis  of  Blank  Plasma  Sample  for  Method 
Development  Using  Acetonitrile  Precipitation  Technique.  "X” 
indicates  plasma  component  eluting  at  the  RDX  elution  position. 
Arrows  show  elution  positions  for  RDX,  DOT,  and  TOT. 
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HPLC  Conditions 


Column:  Spherisorb  ODS,  5  p, 
250  x  A. 6  mm  ID 

Eluent:  40Z  acetonitrile  in  1Z 
acetic  acid  in  water 
Flow  Rate:  1.5  ml/mln 
Chart  Speed:  0.2  in. /min 
Detector:  UV,  25A  nm 


Sample  Characteristics 

1.0  ml  Plasma  containing  200  ng/ml 
RDX,  DNT,  and  TNT  precipitated  with 
acetonitrile.  Supernatant  concen¬ 
trated  to  about  100  pi,  diluted 
with  500  pi  IS  stock  and  400  pi 
1Z  acetic  acid  in  water.  Sample 
filtered  and  analyzed. 

IS  Concentration:  200  ng/ml  IS-1 
A00  ng/ml  IS-2 

Injection  Volume:  50  pi 

Attenuation:  0.005  X 


I - 1 - 1 - 1 - 1 - I - 

Inj.  7.5  15  ml 

5  10  min 


Figure  A  -  HPLC  System  I  Determination  of  RDX,  DNT,  and  TNT  in  Plasma 
Sample  Prepared  by  Acetonitrile  Precipitation  Technique.  "X" 
indicates  plasm*,  component  co-eluting  with  RDX. 
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During  these  plasma  sample  evaluations,  the  SARM  RDX,  DNT,  TNT, 

PETN,  and  tetryl  were  obtained  from  the  U.S.  Army  Toxic  and  Hazardous 
Materials  Agency.  The  UV  characteristics  of  tetryl  indicated  that  this 
munition  had  a  sufficient  UV  chromophore  for  detection  and  quantification 
at  254  na.  PETN  cannot  be  analyzed  at  254  nm  and  required  a  different  UV 
detector.  Tetryl  was  combined  with  RDX,  DNT,  and  TNT  and  method  develop¬ 
ment  on  the  four  munitions  in  plasma  conducted.  Attempts  to  separate  the 
four  munition  compounds  using  HFLC  System  I  were  unsuccessful.  Another 
HPLC  System  (II)  was  defined  which  provided  baseline  separation  of  the  four 
munitions.  Evaluations  with  this  system  and  the  acetonitrile  precipitation 
procedure  were  conducted  on  samples  of  plasma,  kidney,  liver,  and  muscle/fat. 
Only  plasma  and  muscle/fat  samples  could  be  assayed  for  the  munitions,  and 
the  plasma  component  which  co-eluted  with  RDX  in  earlier  studies  was  still 
not  completely  resolved  from  RDX.  Also,  during  these  evaluations,  tetryl 
was  not  detected  in  any  of  the  prepared  samples  even  though  its  elution 
position  was  relatively  free  of  interference.  Method  development  studies 
were  undertaken  to  define  a  sample  preparation  which  provided  a  relatively 
clean  chromatogram  for  each  of  the  tissues  being  studied  and  gave  a  suffi¬ 
cient  recovery  for  the  munitions,  including  tetryl. 

Tetryl  recovery  studies  conducted  included  evaluations  of  the  ex¬ 
traction  solvent,  addition  of  salt  solutions  to  the  matrix  to  aid  in  extrac¬ 
tion,  and  the  effects  of  sample  handling  during  the  preparation  procedure. 

The  solvents  evaluated  included  acetonitrile,  toluene,  ethyl  acetate,  and 
2 %  isopropanol  in  hexane.  When  high  tetryl  levels,  i.e.,  200  pg/ml,  were 
added  to  plasma  and  the  plasma  protein  precipitated  with  acetonitrile,  about 
601  of  the  tetryl  was  recovered.  At  levels  below  10  pg/ml  tetryl,  no  HPLC 
peak  was  observed.  Similar  data  were  obtained  when  the  plasma  was  extracted 
with  the  organic  solvents.  To  aid  in  the  extraction,  1.0  ml  of  20%  sodium 
chloride  was  added  to  1.0  ml  plasma  aliquots  containing  50  pg/ml  tetryl. 

The  plasma  aliquots  were  prepared  by  precipitation  or  extraction.  However, 
tetryl  recovery  was  not  improved.  Tetryl  appeared  to  be  binding  to  the 
plasma  protein,  co-precipitated  with  the  protein,  or  enzymatically  altered 
prior  to  extraction.  To  evaluate  these  possibilities,  a  number  of  experi¬ 
ments  were  conducted.  When  tetryl  was  added  to  a  saturated  albumin  solution 
and  the  protein  precipitated  with  acetonitrile,  100%  tetryl  recovery  was 
obtained  iudicating  the  co-precipitation  was  not  occurring.  Plasma  samples 
were  denatured  by  heating  to  100°C  or  by  the  addition  of  acid  and  tetryl 
added.  After  protein  precipitation  with  acetonitrile  or  organic  solvent 
extraction  of  the  denatured  plasma,  no  tetryl  was  detected  indicating  that 
denatured  plasma  protein  was  still  capable  of  adsorbing  tetryl  and  prevent¬ 
ing  analysis  of  the  munition.  The  possibility  that  tetryl  was  being  lost 
due  to  improper  sample  handling  was  studied  by  preparing  and  analyzing  a 
series  of  tetryl  solution  from  2.0  to  200  pg/ml.  In  one  series,  1.0  ml  water 
was  used  as  matrix  and  in  another,  1.0  ml  plasma  was  employed.  The  two  series 
were  handled'  in  identical  manner,  and  quantitative  recovery  was  obtained 
from  the  water  series  while  little  or  no  tetryl  was  detected  in  the  plasma 
series.  Tetryl  irreversibly  binds  to  plasma  protein  and  cannot  be  extracted 
from  this  matrix  except  at  very  high  concentration  levels,  i.e.,  200  Mg/ml. 
Short  evaluations  with  each  of  the  other  animal  tissue  matrices  indicated 
that  tetryl  cannot  be  assayed  in  these  matrices.  A  final  experiment  for 
tetryl  recovery  in  plasma  was  conducted  using  the  two  sample  preparation 
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techniques  most  likely  to  provide  some  tetryl  recovery.  These  procedures 
were  the  acetonitrile  precipitation  procedure  and  a  toluene  extraction  method 
from  a  1.0-ml  plasma  containing  1.0  ml,  10%  sodium  chloride  solution  plus 
1%  acetic  acid.  Tetryl  levels  of  2,  10,  50,  100,  and  200  (ig/ml  were  evalu¬ 
ated  and  the  results  are  presented  in  Table  6.  The  data  show  poor  recovery 
at  the  high  level  and  no  recovery  at  the  low  levels  for  both  techniques. 

These  studies  on  tetryl  were  conducted  using  HFLC  System  II  as  the  analytical 
technique . 


During  the  above  experiments  to  define  tetryl  recovery  from  plasma, 
studies  were  also  conducted  to  determine  a  sample  preparation  technique  for 
the  other  munitions  in  plasma.  The  acetonitrile  precipitation  procedure 
provided  excellent  data  on  DNT  and  TNT  in  plasma;  however,  RDX  could  not  be 
determined  with  this  technique.  Liquid-liquid  extraction  was  evaluated  as 
an  alternate  sample  preparation  technique.  A  number  of  organic  solvents 
were  evaluated  including  toluene,  ethyl  acetate,  methylene  chloride,  and 
hexane.  The  hexane  did  not  extract  the  munitions  and  the  methylene  chlo¬ 
ride  was  not  efficiently  separated  from  the  aqueous  phase.  Both  toluene 
and  ethyl  acetate  provided  positive  results.  However,  ethyl  acetate  was 
too  polar  and  extracted  a  number  of  plasma  components  including  the  compound 
which  co-eluted  with  RDX.  Toluene  gave  a  relatively  clean  extract,  but  the 
recovery  of  TNT  was  low.  By  adding  a  sodium  chloride  solution  to  the  plasma, 
the  recovery  of  TNT  was  improved.  Also,  when  the  plasma  was  made  slightly 
acidic,  TNT  recovery  was  improved.  The  organic  solvent  extracts  required 
evaporation  of  the  solvent  prior  to  HPLC  analysis  using  an  aqueous  mobile 
phase.  To  prevent  loss  of  the  munitions  during  this  evaporation  step,  0.5 
ml  of  the  HPLC  aqueous  phase  was  added  to  the  extract  and  the  solvent  evap¬ 
orated  at  room  temperature  under  a  stream  of  nitrogen.  After  the  solvent 
had  been  completely  removed,  the  IS  in  acetonitrile  was  added  and  the  final 
volume  adjusted  to  1.0  ml.  A  sample  preparation  procedure  for  the  toluene 
extraction  of  RDX,  DNT,  and  TNT  from  plasma  was  defined  (see  5.  "Procedures 
for  Plasma  Sample  Determination"  in  Appendix  B) .  However,  prior  to  evaluating 
this  sample  preparation  procedure  in  the  five  duplicate  levels  on  four  separate 
day  protocol,  a  problem  with  the  HPLC  System  II  occurred.  During  the  evalua¬ 
tions  of  a  method  for  plasma,  studies  were  also  being  conducted  on  the  other 
animal  tissue  matrices.  The  HPLC  System  II  was  providing  the  necessary  reso¬ 
lution  of  the  munition;  but  the  back  pressure  on  the  system  was  high,  i.e.,  ; 

2,500  psi,  and  increased  substantially  after  injecting  a  few  samples  due  to 
buildup  at  uneluted  matrix  components  on  the  column.  The  increased  back  > 

pressure  was  alleviated  by  washing  the  column  with  100%  acetonitrile  and  < 

removing  and  cleaning  the  column  frits  which  had  become  clogged  with  column  ) 

particulates.  This  caused  the  column  life  to  be  shortened  and  prevented  1 

the  routine  assay  of  the  munitions  in  the  animal  matrices.  Another  HPLC  j 

System  (III)  was  developed  which  resolved  the  munitions  and  provided  a  stabler  | 

chromatographic  system  (the  HPLC  Spherisorb  column  packing  deteriorates  above 
pH  8  and  is  stable  between  pH's  2  and  6.5;  the  1%  acetic  acid  aqueous  phase 
gave  an  eluent  with  a  3.2  pH).  The  toluene  extraction  sample  preparation 
technique  and  HPLC  System  III  were  employed  to  validate  the  method  for  the 
determination  of  RDX,  DNT,  and  TNT  in  plasma.  This  method  is  presented  in 
Appendix  B,  Technical  Report  No.  1,  Method  Development  of  RDX,  DNT,  and  TNT 
in  Plasma. 
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TABLE  6 


Staple 

No. 


TBTRYL  RECOVERY  FROM  PLASMA  USING  TWO  SAMPLE 
PREPARATION  TECHNIQUES 


al 

Pittas 


Tetryl 

Added 


Peak  Heights  pg  Tetryl  d 

Tetryl  IS  pg  IS  al  Found  %  Recovery 


Acetonitrile  Precipitation  Technique 


A-l 

1.0 

2 

<  4 

93.0 

1 

ND* 

- 

A-2 

1.0 

10 

<  4 

39.0 

5 

ND 

- 

A- 3 

1.0 

50 

<  4 

57.0 

25 

ND 

- 

A-4 

1.0 

100 

10.0 

99.0 

50 

6.5 

6.5 

A-5 

1.0 

200 

48.0 

72.0 

100 

85 

43 

Toluene  Extraction  Technique 

T-l 

1.0 

2 

<  4 

172.0 

1 

ND 

- 

T-2  . 

1.0 

10 

<  4 

109.0 

5 

ND 

- 

T-3 

1.0 

50 

<  4 

214.0 

25 

ND 

- 

T-4 

1.0 

100 

10.0 

228.0 

50 

2.8 

2.8 

T-5 

1.0 

200 

64.0 

155.2 

ICO 

53 
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Reference  Solutions 


Standard 

No. 

pg/al* 

Tetryl 

Peak  Heig 
Tetryl 

ht 

IS 

ksZsLJs 

RVR1 

S-l 

2 

108.0 

76.0 

1 

0.71 

S-2 

10 

71.0 

55.0 

5 

0.65 

S-3 

50 

150.0 

100.0 

25 

0.75 

S-4 

100 

166.0 

107.0 

50 

0.78 

S-5 

200 

126.4 

76.8 

100 

0.82 

Average  0.78 
SD  i  0.07 
RSD  8.4% 


a  pg/al  Tetryl  added  -  aicrograas  of  tetryl  added  to  1.0  al  plasaa 
b  Peak  Heights  -  aeasured  peak  heights  in  ailliaeters  of  tetryl  and  IS. 
c  pg/al  Tetryl  found  -  aicrograa  tetryl  detected  in  1.0  al  plasaa  after 
saaqple  preparation 


pg/al  tetryl  found  =  JilJS 

^  1  Peak  Height  IS  Avg.  RVR 


d  X  Recovery  -  pg/al  tetryl  found/pg/al  tetryl  added  x  100. 
e  ND  -  not  detectable,  tetryl  level  below  0.1  pg/al. 
f  RVR  -  relative  weight  response 

sun  -  Peak  Height  tetryl  std  pg  IS 

Peak  Height  IS  *  pg  tetryl  std. 


SD  -  standard  deviation;  RSD  -  relative  standard  deviation 
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2.  PETN  in  Plasma:  The  definition  of  sample  preparation  tech¬ 
niques  for  PETN  was  initiated  after  the  analytical  technique  HPLC  System  IV 
(Section  III.B.)  had  been  defined  and  validated.  Each  of  the  sample  prepa¬ 
ration  procedures  studied  for  RDX,  DNT,  and  TNT  determination  in  plasma  was 
evaluated  for  PETN  in  plasma .  The  acetonitrile  precipitation  procedure  proved 
unsuccessful  because  many  of  the  plasma  components  present  after  the  protein 
precipitation  adsorbed  at  215  nm  and  interfered  with  PETN  detection.  The 
four  organic  solvents  (toluene,  ethyl  acetate,  methylene  chloride,  and  hexane) 
evaluated  earlier  were  studied  for  PETN  extraction  from  plasma.  Only  hexane 
was  able  to  extract  PETN  without  also  extracting  PETN  interfering  plasma 
components.  As  with  the  toluene  extraction  of  RDX,  DNT,  and  TNT  from  plasma, 
the  addition  of  an  acidic  (2%  acetic  acid)  salt  (20%  sodium  chloride)  solu¬ 
tion  was  found  to  provide  better  recovery  of  PETN  from  plasma.  The  valida¬ 
tion  of  the  hexane  extraction  sample  preparation  procedure  for  the  HPLC  System 
IV  determination  of  PETN  in  plasma  using  five  duplicate  levels  on  four  sepa¬ 
rate  days  is  presented  in  Appendix  F,  Technical  Report  No.  5,  Method  Develop¬ 
ment  for  PETN  in  Plasma. 


B.  Animal  Kidney  Samples 

1.  RDX,  DNT,  TNT,  and  Tetryl  in  Kidney:  Earlier  studies  had 
shown  that  the  acetonitrile  precipitation  procedure  and  the  ethyl  acetate 
extraction  procedure  gave  HPLC  chromatograms  with  many  extraneous  kidney 
matrix  peaks  which  prevented  the  detection  and  quantitation  of  the  munition 
compounds.  The  use  of  less  polar  organic  solvent,  i.e.,  hexane,  was  also 
unsuccessful  due  to  low  recovery  of  RDX  and  TNT.  The  toluene  extraction  of 
a  kidney  sample  diluted  1/1  w/v  (weight/ volume)  with  a  10%  sodium  solution 
containing  2%  acetic  acid  (the  plasma  sample  preparation  method)  gave  rela¬ 
tively  clean  chromatograms  with  acceptable  recovery  for  RDX,  DNT,  and  TNT. 
As  with  the  plasma  matrix,  tetryl  was  not  recovered  from  the  kidney  matrix 
at  the  concentration  level  required,  i.e.,  100  ng/g.  Two  additions  to  the 
plasma  method  for  RDX,  DNT,  and  TNT  were  required  to  determine  these  muni¬ 
tions  in  the  kidney  samples.  The  first  addition  was  in  the  initial  sample 
preparation.  The  kidney  samples  required  liquefaction  to  disrupt  the  cells 
present.  This  liquefaction  was  accomplished  by  first  grinding  the  kidney 
sample  in  a  standard  blender  on  "liquefy"  speed  and  then  using  a  Teflon- 
glass,  motor-driven  tissue  homogenizer  to  disrupt  the  cell  walls  and  solu¬ 
bilize  the  intercellular  materials.  This  technique  is  required  to  free  the 
munitions  that  may  be  present  within  the  kidney  cells.  The  second  addition 
to  the  plasma  method  was  in  the  HPLC  procedure.  A  column  wash  step  with 
100%  acetonitrile  was  found  to  be  necessary  after  each  sample  injection  to 
elute  the  nonpolar  matrix  components.  The  wash  eliminated  the  pressure 
build-up  problem  and  also  removed  the  matrix  compounds  still  present  in  the 
analytical  system. 

In  addition  to  these  changes  in  the  plasma  method,  the  sample  ex¬ 
tract  drying  procedure  used  for  the  plasma  sample  was  evaluated  and  modi¬ 
fied.  The  addition  of  0.5  ml  water  to  the  toluene  extract  followed  by  the 
room  temperature  evaporation  of  the  toluene  resulted  in  a  large  HPLC  peak 
just  after  the  elution  position  of  TNT.  The  peak  was  attributed  to  the 


incomplete  evaporation  of  the  toluene,  and  sometimes  the  component  inter¬ 
fered  with  TNT  determination.  An  evaluation  of  the  drying  procedure  indi¬ 
cated  that  if  no  heat  was  applied  to  the  samples,  complete  recovery  of  the 
munition  compounds  was  possible  even  if  the  samples  were  taken  to  dryness. 

By  evaporating  all  the  toluene  from  the  kidney  sample  extracts  and  adding  a 
small  amount  of  ethyl  acetate  to  the  residue  and  evaporating,  the  toluene 
was  almost  completely  removed  from  the  sample  and  did  not  cause  problems 
with  TNT  determination. 

The  final  sample  preparation  procedure  and  analysis  technique  for 
RDX,  DNT,  and  TNT  was  validated  by  analyzing  duplicate  kidney  samples  spiked 
at  five  levels  and  siatrix  blanks  on  four  separate  days.  These  data  and  the 
statistical  evaluation  of  the  results  are  given  in  Appendix  C,  Technical 
Report  No.  2,  Method  Development  for  the  Determination  of  RDX,  DNT,  and  TNT 
in  Kidney. 


2.  PETN  in  Kidney:  The  earlier  studies  on  PETN  indicated  that 
extracted  kidney  samples  contained  a  substantial  number  of  compounds  which 
adsorbed  at  215  nm  and  interfered  with  PETN.  Also,  the  hexane  extraction 
procedure  employed  for  plasma  did  not  have  sufficient  polarity  to  extract 
PETN  from  kidney.  When  more  polar  organic  solvents  i.e.,  toluene,  ethyl 
acetate,  were  used,  the  extract  contained  many  215  nm  adsorbing  compounds, 
and  PETN  was  not  observed  at  2,000  ng/g.  By  adding  a  snail  amount  of  iso¬ 
propanol  (IPA)  to  hexane,  the  polarity  of  the  extracting  solvent  was  slightly 
increased.  An  evaluation  of  1,  2,  5,  and  10%  IPA  in  hexane  as  extracting 
solvent  showed  that  5  and  10%  IPA  were  too  polar  and  1%  IPA  not  polar  enough. 
The  2%  IPA  in  hexane  showed  some  promise.  The  chromatography  at  the  PETN 
and  IS  elution  positions  was  relatively  clean  of  interference  and  some  PETN 
was  recovered.  However,  the  recovery  was  low,  i.e.,  about  25%,  and  attempts 
to  increase  the  recovery  without  affecting  the  chromatography  were  unsuccess¬ 
ful.  Figure  5  presents  representative  HPLC-UV  (215  nm)  chromatograms  for 
PETN  extracted  from  1.0  g  kidney  with  2%  IPA  in  hexane.  The  sample  prep¬ 
aration  procedure  consisted  of  placing  a  1.0-g  liquefied  kidney  sample  in  a 
Teflon-lined  screw  cap  vial,  adding  2.0  ml  10%  sodium  chloride  solution  con¬ 
taining  1%  acetic  acid,  and  extracting  3  x  5  ml  with  2%  IPA  in  hexane.  The 
extracts  were  combined,  evaporated  to  dryness  at  room  temperature  under  a 
stream  of  nitrogen,  and  the  residue  dissolved  in  HPLC  eluent.  After  fil¬ 
tering  the  prepared  sample  through  a  0.45-p  Fluoropore  filter,  a  100-pl 
aliquot  was  injected  onto  HPLC  System  IV. 

The  low  recovery  of  PETN  from  kidney  using  2%  IPA  in  hexane  ex¬ 
traction  and  the  poor  chromatography  obtained  with  other  organic  solvents 
for  extraction  prevented  the  development  of  an  analytical  method  for  PETN 
in  kidney  at  the  100-ng/g  level.  Additional  studies  on  this  matrix  are 
necessary  to  define  a  solvent  that  will  quantitatively  extract  PETN  from 
kidney  and  to  evaluate  additional  clean-up  steps  such  as  adsorption  chroma¬ 
tography  to  remove  interfering  kidney  components  from  the  extract.  The  time 
limitation  on  the  present  program  prevented  the  necessary  studies  to  deter¬ 
mine  these  parameters. 
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C.  Animal  Muscle/Fat  Samples 

1.  RDX,  DNT,  TNT,  and  Tetryl  in  Muscle/Fat:  Initial  evaluation 
of  the  plasma  method  for  application  to  muscle/fat  samples  indicated  that 
toluene  and  other  nonpolar  solvents  could  not  be  employed  for  this  matrix 
because  they  solubilize  the  fat  component  of  the  matrix.  However,  aceto¬ 
nitrile,  because  of  its  higher  polarity,  did  net  dissolve  the  fat  and  gave 
acceptable  recovery  and  chromatography  for  the  munition  compounds.  Similar 
to  the  plasma  and  kidney  matrices,  the  muscle/fat  matrix  did  not  allow  re¬ 
covery  of  tetryl. 

The  final  sample  preparation  procedure  as  outlined  in  Appendix  E, 
Technical  Report  No.  3,  Method  Development  for  the  Determination  of  RDX, 

DNT,  and  TNT  in  Muscle/Fat  Samples  was  being  validated  using  HPLC  System 
III  when  the  project  officer  requested  that  the  munition  spiking  levels  be 
changed  from  100,  500,  1,000,  1,500,  and  2,000  ng/g  to  50,  100,  200,  500, 
and  1,000  ng/g.  This  change  was  requested  to  aid  in  the  statistical  deter¬ 
mination  of  the  lower  detection  limit  of  the  munition  by  the  Hubaux  and  Vos 
detection  limit  program.  Since  the  HPLC  system  was  already  operating  at 
close  to  the  highest  sensitivity  limit,  the  1.0-g  matrix  sample  was  increased 
to  2.0  g  to  provide  a  similar  instrument  sensitivity  at  the  newly  defined 
spiking  levels.  The  total  procedure,  as  presented  in  Appendix  D,  was  vali¬ 
dated  by  analyzing  duplicate  2.0-g  muscle/fat  samples  spiked  with  RDX,  DNT, 
and  TNT  at  0,  50,  100,  200,  500,  and  1,000  ng/g  on  four  separate  days. 

2.  PETN  in  Muscle/Fat:  The  evaluations  of  sample  preparation 
procedures  for  RDX,  DNT,  and  TNT  in  the  muscle/fat  matrix  had  shown  that 
nonpolar  organic  solvents,  i.e.,  hexane,  could  not  be  employed  to  extract 
the  munition  compound  from  this  matrix.  For  PETN  in  muscle/fat,  the  aceto¬ 
nitrile  procedure  utilized  for  the  other  munitions  was  evaluated.  This  pro¬ 
cedure  proved  unsatisfactory  in  that  the  HPLC-UV  (215  nm)  chromatogram  con¬ 
tained  many  extraneous  pi  jks  and  the  recorder  pen  was  off-scale  for  the  first 
50  min  of  the  chromatographic  run.  When  the  attenuation  was  increased  to 
provide  on-scale  peaks,  the  possible  sensitivity  for  PETN  determination  was 
greater  than  5  pg/g.  Even  though  hexane  solubilized  the  fat  in  the  matrix, 

a  study  was  conducted  to  evaluate  this  extraction  technique.  As  expected, 
the  dried  hexane  extract  contained  a  substantial  level  of  fat  which  was  not 
solubilized  when  0.5  ml  acetonitrile  containing  the  IS  was  added.  The  sample 
was  diluted  with  water  (0.5  ml)  to  provide  a  sample  compatible  with  the  HPLC 
eluent,  filtered,  and  analyzed.  No  PETN  was  detected  even  though  the  matrix 
had  been  spiked  at  2,000  ng/g;  however,  the  elution  position  of  PETN  was 
relatively  free  of  interfering  muscle/fat  components.  The  PETN  was  most 
likely  still  with  the  undissolved  fat.  Additional  studies  are  necessary  to 
define  methodology  to  separate  the  PETN  from  the  fat.  Possible  techniques 
for  this  separation  include  adsorption  or  gel  permeation  column  chromatog¬ 
raphy  or  a  liquid-liquid  extraction  of  the  hexane  muscle/fat  solution  using 
a  solvent  that  can  extract  the  PETN  without  extracting  the  fat  components 
present  in  the  hexane  solution.  The  time  limitation  on  the  present  program 
prevented  evaluation  of  these  sample  preparation  techniques. 
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D.  Animal  Liver  Samples 


1.  RDX,  DNT,  TNT,  and  Tetryl  in  Liver:  The  initial  evaluations 
of  sample  preparation  procedures  for  the  determination  of  RDX,  DNT,  TNT, 
and  tetryl  in  the  animal  liver  matrix  indicated  that  the  toluene  extraction 
technique  employed  for  the  plasma  and  kidney  matrices  was  the  most  promising. 
The  other  techniques  evaluated,  including  acetonitrile,  ethyl  acetate,  and 
hexane  extraction,  either  extracted  too  many  liver  components  which  interfered 
with  the  HPLC  determination  of  the  munitions  or  gave  poor  recoveries.  Studies 
were  initiated  to  validate  the  toluene  extraction  technique  for  the  liver 
matrix  using  duplicate  samples  spiked  at  five  levels  on  four  separate  days. 
Three  separate  days  of  liver  sample  sets  were  analyzed  and  the  results  sum- 
marized  in  Table  7  (the  raw  data  and  calculations  are  given  in  Appendix  A, 
Tables  5-A,  6-A,  and  7-A) .  At  this  time,  the  spiking  levels  being  employed 
on  the  program  were  0,  100,  500,  1,000,  1,500,  and  2,000  ng/ml.  The  data 
for  Day  1  showed  acceptable  recovery  for  RDX,  DNT,  and  TNT  (as  with  the  other 
animal  matrices,  co  tetryl  was  detected  at  any  of  the  spiking  levels)  with 
good  linearity  of  recovery  over  the  concentration  range.  However,  the  Day  2 
and  Day  3  data  for  DNT  and  TNT  varied  considerably  from  Day  1  results  and 
Were  not  linear  within  a  day  set.  Figure  6  presents  HPLC  chromatograms  of 
1.0-g  liver  samples  spiked  at  the  1,000-ng/g  level  with  the  munitions  from 
the  Day  r^d  Day  2  sets.  A  substantial  decrease  in  the  recovery  of  DNT 
and  TNT  in  the- Day  2  liver  sample  is  apparent.  Since  the  data  from  Day  1 
was  acceptable,  £ -systematic  error  in  the  sample  preparation  procedure  was 
considered  to  be  the'  cause  for  the  variation  in  the  results.  Evaluations 
of  the  sample  preparation-procedure  were  conducted  to  define  the  source  of 
error  and  to  eliminate  the  problem. 

The  first  aspect  of  the  sample  preparation  procedure  evaluated 
was  the  effect  of  the  pH  of  the  aqueous  phase  on  the  extractability  of  the 
munitions  from  liver.  The  original  protocol  had  a  1.0-ml  10%  sodium  chloride 
solution  containing  1%  acetic  acid  added  to  1.0  g  liver  to  aid  in  the  extrac¬ 
tion;  the  pH  of  the  aqueous  phase  under  these  conditions  was  approximately 
4.  To  determine  if  the  pH  was  important,  duplicate  liver  samples  containing 
1,000  ng/g  each  munition  were  prepared  and  buffered  to, pH's  2,  4,  6,  and  8 
with  1.0  ml,  10%  sodium  chloride  plus  0.1  M  sodium  acetate  at  the  appropriate 
pH.  Each  solution  was  extracted  3  x  3  ml  with  toluene  and  analyzed  by  HPLC 
as  described  earlier.  The  results  showed  consistent,  but  low  for  DNT  and 
TNT,  recovery  of  the  munitions  for  the  acidic  solutions  and  very  poor  chro¬ 
matography  for  the  basic  liver  samples.  An  acidic  solution  was  required 
for  extraction;  however,  pH  was  not  the  apparent  cause  of  the  lower  recov¬ 
eries  of  DNT  and  TNT. 

The  rationale  for  using  sodium  chloride  solutions  during  extrac¬ 
tion  was  to  "salt  out"  the  compounds  being  extraced.  This  aspect  of  the 
sample  preparation  procedure  was  studied  by  preparing  1,000  ng/g  each  muni¬ 
tion  liver  samples  with  the  following  salt  solutions  (all  contained  1%  acid) : 
(1)  0%  sodium  chloride;  (2)  10%  sodium  chloride  (normal  procedure,  served 

as  control  for  experiment);  (3)  20%  sodium  chloride;  (4)  10%  ammonium  acetate; 
(5)  10%  sodium  dihydrogen  phosphate  plus  phosphoric  acid;  and  (6)  10%  sodium 
sulfate.  The  results  of  this  study  indicated  that  salt  aided  in  the  extrac¬ 
tion  of  the  munitions  but  the  salt  type  or  concentrations  above  10%  were 
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Figure  6  -  HPLC  Method  Development  for  RDX,  DNT,  and  TNT  Determination  in  Animal  Liver.  Day  1  and  Day  3  1.0  g  liver 
samples  containing  1,000  ng/g  each  munition  prepared  using  the  toluene  extraction  procedure  (initial  evaluation). 


not  important.  Very  low  recovery  was  observed  for  the  0%  salt  solution  and 
consistent,  but  low,  recovery  was  found  for  the  other  samples.  The  addition 
of  1.0  al,  10%  sodium  chloride  containing  1%  acetic  acid  aided  in  the  extrac¬ 
tion  of  the  aunitions  from  liver;  however,  the  salt  solution  was  not  the^ 
cause  of  the  systematic  error. 

Toluene  had  been  employed  as  the  extraction  solvent  for  plasma, 
kidney,  and  the  Day  1  liver  matrices  with  acceptable  recovery  of  the  muni¬ 
tions.  The  possibility  that  a  slightly  more  polar  solvent  was  required  for 
uni fora  extraction  of  the  aunitions  from  liver  was  explored  by  evaluating  a 
number  of  other  solvents.  The  solvents  evaluated  included  toluene  (normal 
aethod,  control);  acetonitrile;  2%  IPA  in  toluene;  2%,  3%,  4%,  5%,  and  20% 

IPA  in  hexane,  and  50:45:5  v/v/v  toluene: hexane: IPA.  Representative  HPLC 
chromatograms  for  some  of  these  solvent  evaluations  are  shown  in  Figures  7 
and  8.  The  results  indicate  that  none  of  these  solvents  improved  the  recov¬ 
ery  of  DNT  and  TNT  without  affecting  the  chromatography.  The  data  did  show 
that  a  polar  solvent,  i.e.,  acetonitrile,  ethyl  acetate,  gave  better  recovery; 
however,  RDX  determination  was  affected  (see  Figure  7).  Another  study  was 
conducted  to  evaluate  the  possible  use  of  s  double  extraction  of  the  liver 
aatrix,  first  with  a  polar  solvent  to  obtain  acceptable  DNT  and  TNT  recovery, 
and  after  drying  the  first  extract,  with  a  second  less  polsr  solvent  such 
as  toluene  or  2%  IPA  in  hexane  to  isolate  RDX  from  the  early  eluting  inter¬ 
ference.  The  polar  solvents  evaluated  were  acetonitrile,  ethyl  acetate, 
and  aethanol  and  the  second  solvents  evaluated  were  toluene  and  2%  IPA  in 
hexane.  The  results  showed  relatively  clean  chromatograms  for  each  solvent 
pair;  however,  the  recoveries  of  the  munition  added  to  the  liver  were  not 
improved  and,  in  most  cases,  were  lower  than  with  the  toluene  extraction 
procedure.  The  experiments  conducted  had  shown  that  the  inconsistent  re¬ 
sults  obtained  for  the  recovery  of  DNT  and  TNT  from  the  liver  matrix  were 
not  due  to  the  extraction  solvent  being  employed. 

The  next  aspect  evaluated  was  the  toluene  evaporation  end  residue 
reconstitution  steps.  After  drying  the  toluene  from  the  liver  extract,  a 
substantial  amount  of  liver  components  was  present,  and  this  residue  was 
not  completely  solubilized  with  0.5  al  acetonitrile.  The  poor  recoveries 
of  DNT  and  TNT  aay  have  been  caused  by  adsorption  of  the  munitions  on  these 
components.  Experiments  were  designed  to  determine  if  all  the  munitions 
extracted  with  the  toluene  were  solubilized.  These  studies  utilized  vortex 
aixing  and  ultrasonication  for  various  times  and  liver  samples  spiked  with 
the  aunitions  prior  to  extraction  and  after  extraction.  The  results  showed 
quantitative  recovery,  i.e.,  greater  than  90%,  for  the  aunitions  from  the 
toluene  spiked  after  extraction  while  low  DNT  and  TNT  recoveries  were  observed 
for  the  livers  spiked  prior  to  extraction.  While  vortexing  and  ultrasonica¬ 
tion  aided  in  solubilizing  the  residues  from  the  toluene  liver  extracts, 
the  reconstitution  procedure  was  not  the  cause  of  the  inconsistent  data  for 
DNT  and  TNT  froa  liver. 
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1.0  g  liver  plus  1,000  ng/g  each 
munition  extracted  with  acetonitrile 


Each  of  the  various  parameters  of  the  sample  preparation  proce¬ 
dure  had  been  evaluated  without  defining  the  systematic  error  which  gave 
varying  recoveries  for  DNT  and  TNT  from  liver.  Careful  review  of  the  entire 
procedure  indicated  that  the  extraction  efficiency  of  the  toluene  for  the 
liver  matrix  may  not  be  as  high  as  in  the  other  animal  tissues.  The  forma¬ 
tion  of  extraction  emulsions  with  biological  tissues  is  common  and  usually 
undesirable.  During  the  extraction  procedure,  care  had  been  taken  to  mini¬ 
mize  the  emulsion,  and  this  may  have  prevented  optinal  extraction  of  the 
munitions.  When  liver  samples  containing  the  munitions  were  mixed  with 
toluene  in  a  manner  which  guaranteed  the  formation  of  a  complete  emulsion 
and  were  then  centrifuged  to  separate  the  phases,  recoveries  of  DNT  and  TNT 
were  similar  to  the  Day  1  results  presented  in  Table  5.  The  emulsion  re¬ 
sulted  in  a  longer  centrifugation  time,  i.e.,  40-50  min,  to  separate  the 
phases;  however,  the  extractability  of  the  munitions  required  the  close  con¬ 
tact  of  the  toluene  and  aqueous  phases.  During  these  evaluations,  the  spik¬ 
ing  level  for  the  munition  in  a  matrix  had  been  changed.  Also,  the  analyti¬ 
cal  system  had  been  modified  from  System  II  to  System  III.  The  final  sample 
preparation  procedure  and  HPLC  System  III  were  validated  for  RDX,  DNT,  and 
TNT  in  liver  samples  by  analyzing  duplicate  samples  spiked  at  0,  50,  100, 

200,  500,  and  1,000  ng/g  on  four  separate  days.  The  method  is  presented  in 
Appendix  E,  Technical  Report  No.  4,  Method  Development  for  the  Determination 
of  RDX,  DNT,  and  TNT  in  Animal  Liver  Samples. 

2.  PETN  in  Liver:  The  results  obtained  from  the  earlier  studies 
to  define  a  sample  preparation  procedure  for  PETN  in  kidney  samples  had  shown 
that  2%  IPA  in  hexane  provided  some  recovery  and  had  acceptable  chromatog¬ 
raphy  in  the  elution  region  of  the  IS  and  PETN.  Similar  low  recovery  results, 
as  shown  in  Figure  9,  were  obtained  for  PETN  in  liver  using  this  extraction 
technique.  When  the  polarity  of  the  extracting  solvent  was  increased,  the 
chromatography  deteriorated  and  interfering  liver  components  prevented  the 
detection  of  PETN  (also  shown  in  Figure  9).  Additional  studies  are  neces¬ 
sary  to  define  a  procedure  to  extract  PETN  from  the  liver  samples  followed 
by  additional  clean-up  to  isolate  the  PETN  from  co-extracted  liver  components. 


E.  Plant  Leaves 


1.  RDX,  DNT,  TNT,  and  Tetryl  in  Plant  Leaves:  The  knowledge 
gained  during  the  sample  preparation  procedure  evaluations  for  RDX,  DNT, 

TNT,  and  tetryl  in  animal  tissue  matrices  was  applied  to  defining  a  proto¬ 
col  for  plant  leaves.  The  plant  leaves  matrix  included  grass  and  soft  stem 
plant  leaves.  Since  the  availability  of  this  matrix  is  greater,  a  larger 
sample  size,  i.e.,  5  g,  was  chosen  for  evaluation.  Initial  evaluations  in¬ 
dicated  that  polar  solvents,  i.e.,  acetonitrile,  ethyl  acetate,  cannot  be 
employed  for  this  matrix  as  they  extracted  many  plant  components.  Less  polar 
solvents  such  as  toluene,  hexane,  and  2%  IPA  in  hexane  showed  promise  and 
were  evaluated  further.  The  animal  tissue  matrices  had  utilized  a  salt  solu¬ 
tion  containing  1%  acid  to  aid  in  the  extraction  efficiency.  Both  the  extrac¬ 
ting  solvent  and  the  aqueous  phase  parameters  were  evaluated  for  plant  leaves. 
Experiments  with  0,  10,  and  20%  sodium  chloride  containing  1%  acetic  acid 
added  to  5  g  plant  leaves  both  blank  and  spiked  with  200  ng/g  each  munition 
and  extracted  with  toluene,  hexane,  or  2%  IPA  in  hexane  were  conducted. 
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Figure  10  shows  the  HPLC  chromatogram  for  10%  sodium  chloride  (5  ml)  added 
to  5  g  leaves  and  extracted  with  20  ml  toluene.  A  10-ml  aliquot  of  the 
toluene  (2. 5-g  equivalents  of  plant  leaves)  was  dried,  dissolved  in  HPLC 
eluent,  filtered,  and  analyzed.  The  elution  positions  of  the  various  muni¬ 
tions  are  indicated  by  arrows  and  RDX  and  DNT  have  co-eluting  leaf  compounds. 
Figure  11  presents  an  HPLC  chromatogram  for  a  5.0-g  leaf  sample  containing 
200  ug/g  each  munition,  diluted  with  5  ml  20%  sodium  chloride  plus  1%  acetic 
acid,  and  extracted  with  20  ml  2%  IPA  in  hexane.  A  10-ml  aliquot  of  the 
hexane  was  taken  for  analysis.  As  with  the  toluene  extract,  interferences  . 
are  present  at  the  elution  position  of  RDX  and  DNT;  however,  TNT  is  detected. 
No  tetryl  was  observed  in  any  plant  leaf  extracts.  Similar  chromatograms 
were  obtained  for  the  other  conditions. 

The  plant  leaves  interferences  present  in  the  HPLC  chromatograms 
from  toluene  and  hexane  extract  prevented  the  use  of  HPLC  System  III  for 
the  assay  of  RDX,  DNT,  and  TNT  in  this  matrix.  An  HPLC  eluent  study  w?.s 
undertaken  to  determine  if  the  munitions  could  be  separated  from  the  inter¬ 
ferences.  By  lowering  or  raising  the  percentage  of  acetonitrile  in  the 
eluent,  the  retention  indices  of  the  munitions  were  changed.  RDX  was  not 
separated  from  the  large  interfering  peak  with  any  HPLC  eluent  evaluated. 

By  lowering  the  acetonitrile  percentage  from  30%  to  25%,  partial  separation 
of  DNT  and  the  plant  component  (X-l  on  Figure  11)  was  achieved.  However, 
under  these  conditions,  TNT  and  another  plant  component  (X-2  on  Figure  11) 
co-eluted.  This  HPLC  separation  is  shown  in  Figure  12.  Additional  studies 
are  necessary  to  define  a  sample  preparation  procedure  to  isolate  the  muni¬ 
tions  from  plant  matrix  components. 

3.  PETN  in  Plant  Leaves:  The  possible  use  of  a  simple  extrac¬ 
tion  technique  for  the  HPLC-UV  (215  nm)  determination  of  PETN  in  plant  leaves, 
was  evaluated  using  a  variety  of  organic  solvents.  The  plant  leaves  were 
prepared  by  grinding  in  a  Waring-type  blender,  weighing  5-g  aliquots  into  a 
50-ml  centrifuge  tube,  and  adding  5  ml  10%  sodium  chloride  containing  1% 
acetic  acid.  The  organic  solvents  selected  foj  evaluation  were  hexane,  1% 
and  2%  IPA  in  hexane,  1/1  (v/v)  hexane  methylene  chloride,  methylene  chlo¬ 
ride,  and  toluene.  These  solvents  were  chosen  to  provide  a  slight  polarity 
increase  with  each  solvent,  to  define  a  system  which  extracted  PETN  and  only 
limited  plant  leaf  material.  Each  solvent  was  evaluated  by  preparing  dupli¬ 
cate  5-g  leaf  samples  spiked  with  0,  100,  and  1,000  ng/g  and  extracting  with 
20  ml  of  solvent.  A  10-ml  aliquot  of  the  extracting  solvent  (2.5  g  leaves 
equivalent)  was  evaporated  to  dryness,  reconstituted  with  1.0  ml  HPLC  eluent 
containing  the  IS,  and  analyzed  by  HPLC  System  IV.  Figure  13  shows  chromato¬ 
grams  for  a  reference  PETN  solution  and  a  5-g  leaf  sample  containing  1,000 
ng/g  PETN  Extracted  with  2%  IPA  in  hexane.  The  chromatograms  obtained  from 
the  other  solvents  evaluated  were  similar  or  worse  than  that  shown  in  Fig¬ 
ure  13.  Additional  studies  are  necessary  to  define  a  sample  preparation 
procedure  to  isolate  PETN  from  plant  leaves.  A  more  detailed  procedure  than 
simple  extraction  will  be  required,  and  the  time  limitations  on  the  present 
program  prevented  the  complete  evaluation  of  more  elaborate  techniques. 


HPLC  Parameters 


Column:  Spherisorb  ODS,  5  y, 

250  x  4.6  am  ID 

Eluent:  30Z  acetonitrile  In  water 
containing  1Z  acetic  acid 
Flow  Sate:  1.5  ml/min 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  ran 

Sample  Character la tics 

5.0  g  Plant  leaves  plus  5.0  tl  10Z 
sodium  chloride  solution  plus  1Z 
acetic  acid  extracted  with.  20  ml 
toluene.  A  10-ml  aliquot  of  toluene 
was  evaporated  to  dryness,  recon¬ 
stituted  with  1.0  ml  HFLC  eluent, 
and  injected. 

IS  Concentration:  0 
Injection  Volume:  70  yl 
Attenuation:  0.01  X 

\ 

\ 


i 


-t 

10 

15 


1 - 1 - r 

20  30  min 

30  45  ml 


Figure  10  -  HPLC  Chromatogram  of  Blank  Leaf  Sample  (5.0  g)  Extracted  with  Toluene. 
Arrows  indicate  the  elution  position  of  the  munitions  and  IS. 


HPLC  Parameters 


Column:  Spherlsorb  ODS,  5  y , 

250  x  4.6  mm  ID 

Eluent:  30Z  acetonitrile  in  water 
containing  1Z  acetic  acid 
Flow, Rate:  1.5  ml /min 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  run 

Sample  Characteristics 


5.0  g  Leaves  containing  200  ng/g 
each  munition  plus  5.0  ml  20Z 
sodium  chloride  solution  contain¬ 
ing  1Z  acetic  acid  extracted  with 
20  ml  2Z  IPA  in  hexane.  A  10-ml 
aliquot  of  hexane  was  evaporated 
to  dryness,  reconstituted  in  1.0  ml 
HPLC  eluent  containing  the  IS,  and 
injected. 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  yl 
Attenuation:  0.01  X 


j.  10  20  30  min 

15  30  45  ml 

Figure  11  -  HPLC  Chromatogram  of  5.0  g  Leaves  Containing  200  ng/g  Each  Munition 
Extracted  with  2Z  Isopropanol  in  Hexane.  Munition  elution  positions  indicated 
by  arrows.  "X"  denotes  leaf  components. 
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5.0  g  Leaves  plus  1,000  ng/g  PETH  extracted  with  20  si 
Reference  Solution  22  IPX  In  hexane;  10-al  extract  taken  for  assay 


HPLC-UV  (215  nm)  System  IV  Analysis  of  22  IPX  in  Hexane  Extracted  Leaves  for  Method 
Development  for  PETN  Determination.  Sample  preparation  as  outlined  In  text. 


F.  Plant  Stems 


1.  RDX,  DNT,  TNT,  and  Tetryl  in  Plant  Stems:  The  results  ob¬ 
tained  during  the  sample  preparation  procedure  evaluations  for  RDX,  DNT, 

TNT,  and  tetryl  in  plant  leaves  was  applied  to  studies  for  these  munitions 
in  the  plant  stems  matrix.  The  plant  stems  matrix  was  defined  to  include 
plants  with  soft  stems;  no  grass  or  hard  stem  plants,  i.e.,  trees,  were  in¬ 
cluded.  The  plant  leaves  data  had  shown  the  2%  IPA  in  hexane  and  toluene 
were  the  optimal  extracting  solvents  and  these  two  solvents  were  evaluated. 
The  leaves  matrix  component  which  interfered  with  DNT  was  not  present  in 
the  stems  matrix;  however,  RDX  co-eluted  with  a  large  peak  preventing  its 
determination  and  no  peak  was  detected  at  the  tetryl  elution  position.  The 
2%  IPA  in  hexane  solvent  gave  clearer  chromatograms  than  toluene  and  was 
■elected  for  additional  study.  The  nature  of  the  plant  stems  matrix  pre¬ 
vented  efficient  grinding  of  the  matrix  in  the  blender  and  an  alternate  pro¬ 
cedure  was  required  to  prepare  the  matrix  for  extraction.  The  technique 
which  provided  the  best  grinding  of  the  stems  matrix  consisted  of  freezing 
the  stems  and  using  dry  ice  to  maintain  a  frozen  matrix  during  grinding. 

The  sample  was  then  allowed  to  thaw  and  weighed.  The  single  extraction 

technique  described  in  Section  E.2.  was  employed  using  2%  IPA  in  hexane, 

and  DNT  and  TNT  were  recovered  at  about  50%.  The  sample  preparation  pro¬ 

cedure  and  HPLC  System  III  were  validated  for  DNT  and  TNT  in  the  plant  stem 
■utrix  by  analyzing  duplicate  5.0-g  samples  spiked  at  0,  50,  100,  200,  500, 
and  1,000  ng/g  each  munition  on  four  separate  days.  This  method  is  presented 
in  Appendix  G,  Technical  Report  No.  6,  Method  Development  for  the  Determina¬ 
tion  of  DNT  and  TNT  in  Plant  Stems. 

2.  PETN  in  Plant  Stems:  The  possibility  of  determining  PETN  in 
the  plant  stems  matrix  was  evaluated  using  the  same  techniques  employed  for 
the  plant  leaves  matrix.  Only  hexane  and  2%  IPA  in  hexane  were  evaluated 
since  the  other  solvents  studied  earlier  had  extracted  many  interfering  com¬ 
pounds  from  the  plant  leaves.  Unless  more  promising  results  were  obtained 
with  hexane  and  2%  IPA  in  hexane,  these  solvents  were  not  considered  as  being 
able  to  extract  the  plant  stems  without  the  interferences  also  being  present. 
The  HPLC-UV  (215  nm)  chromatograms  obtained  from  the  hexane  and  2%  IPA  in 
hexane  extraction  of  PETN  from  plant  stems  were  similar  to  the  chromatogram 
presented  in  Figure  13.  Additional  studies  are  necessary  to  define  a  proce¬ 
dure  to  isolate  PETN  from  the  co-extracted  plant  stems  components  before 
HPLC-System  IV  can  be  utilized  to  determine  PETN  in  this  matrix. 


APPENDIX  A 
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HPLC  LINEARITY  OF  MX  INTERIM  STANDARD  SOLUTION 
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1 

Identification  or  Development  of  Chemical  Analysis  Methods  j 

for  Plant  and  Animal  Tissues 


METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF  CYCLOTRIMETHYLENE - 
TRINITRO AMINE  (RDX),  DINITROTOLUENE  (DNT),  AND 
TRINITROTOLUENE  (Tin)  IN  PLASMA 


1.  APPLICATION:  The  developed  method  is  for  the  quantitative 
determination  of  RDX,  DNT,  and  TNT  in  animal  plasma  using  high  performance 
liquid  chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at  254  n a. 

a.  Evaluated  Concentration  Range:  The  concentration  range 
of  RDX,  DNT,  and  TNT  studied  in  reference  solutions  and  in  plasma  samples 
was  100  to  2,000  parts  per  billion  (ppb,  ng/ml). 

b.  Sensitivity:  A  Bignal-to-noise  ratio  of  6  to  1  for  RDX 
(peak  height  (PH),  25  mm),  9  to  1  for  DNT  (PH,  30  wm),  and  8  to  1  for  TNT 
(PH,  30  mm)  was  obtained  with  an  injection  of  50  pi  of  a  100  ng/ml  solution 
of  each  compound  (ca.  5  ng  each  compound  on  column). 

c.  Detection  Limits:  146  ng/ml  for  RDX,  256  ng/al  for  DHT, 
and  248  ng/ml  for  TNT  based  on  the  Hubaux  and  Vos  detection  limits  program. 

d.  Interferences :  No  interfering  plasma  components  were 
found  to  elute  with  the  same  retention  volumes  as  RDX,  DNT,  or  TNT.  However, 
an  impurity  in  the  extracting  solvent  (toluene)  eluted  1.5  min  prior  to 

RDX. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
for  the  plasma  determination  of  RDX,  DNT,  and  TNT  was  40  min.  With  two  ref¬ 
erence  solutions  analyzed  first  and  two  during  the  day  (160  min  total  time), 
a  total  of  eight  samples  (320  min  total  time)  can  be  analyzed  during  an  8-hr 

day. 

2.  CHEMISTRY:  RDX,  DNT,  and  TNT  are  swnition  compounds  swnufac- 
tured  at  various  installations.  The  possible  environswntal  contamination 
of  these  compounds,  particularly  in  plants  and  animals,  is  of  concern.  The 
determination  of  plasma  levels  of  RDX,  DNT,  and  TNT  in  animals  may  provide 
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information  on  the  extent  ana  level  of  contamination  at  the  production  facil¬ 
ities  and  surrounding  area.  Each  of  these  munitions  has  a  sufficient  UV 
chroaophore  at  254  na  to  allow  UV  detection  and  quantification.  These  muni¬ 
tions  are  of  intermediate  polarity  and  have  a  limited  water  solubility. 
Normally,  biological  matrices  have  a  large  number  of  components  which  will 
interfere  with  the  detection  and  quantification  of  low  levels  of  compounds. 
Reverse  phase  HPLC  is  capable  of  separating  compounds  with  similar  chemical 
and  physical  properties;  the  elution  order  of  this  technique  is  based  on 
the  polarity  of  the  compounds  with  the  more  polar  compounds  being  eluted 
firat.  Thus,  by  extracting  the  biological  matrix,  i.e.,  plasma,  with  an 
intermediate  polarity  solvent  and  analyzing  the  extract  by  HPLC,  a  simple 
sample  preparation  and  analysis  system  may  be  defined  for  the  determination 
of  RDX,  DOT,  and  TOT  in  plasma. 

3.  APPARATUS: 

a.  Instrumentation:  A  Waters  isocratic  liquid  chromato¬ 
graphic  system  consisting  of  a  Model  6000A  pump,  Model  U6K  injector,  and 
Model  440  UV  detector.  A  general  purpose  centrifuge  (Dynac,  Clay  Adams 
0101)  with  a  24-place  head. 

b.  HPIC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  p,  250  x  4.6  am  ID. 

2.  Eluent:  30%  acetonitrile  in  1%  acetic  acid  in  water. 

3.  Flow  rate:  1.5  ml/min. 

4.  Detector:  UV,  254  nm. 

5.  Internal  standard:  Propiophenone ,  1,000  ng/ml 

6.  Injection  volume:  50  to  100  pi. 

7.  Retention  volumes  and  times:  RDX,  15  ml,  10  min; 

DOT,  37.5  ml,  25  min;  TOT,  42  ml,  28  min;  IS, 

28.5  ml,  19  min.  NOTE:  Slight  changes  in  the 
retention  indices  may  occur  with  fresh  eluent  or 
a  change  in  columns. 

A  representative  HPLC  chromatogram  for  a  SARM  reference 
solution  of  RDX,  DOT,  and  TOT  is  shown  in  Figure  1.  Also  included  on  the 
chromatogram  are  peaks  for  an  internal  standard  (propiophenone)  and 
2,4,6-trinitrophenylmethylnitramine  (tetryl) . 
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c. 


Laboratory  Glassware  and  Equipment: 


1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Volumetric  flasks  (100  al). 

3.  Volumetric  syringes  (0-100  pi,  0-500  pi,  and  0- 

1,000  pi). 

4.  Automatic  pipetter  (0-5  al). 

5.  Filtering  apparatus  including  filter  holders,  5-al 

disposable  syringes,  and  0.45  p  Fluoropore  filters. 

6.  Inert  gas  (nitrogen)  drying  train  with  12  ports, 
d.  Chealcals: 

1.  Toluene  and  acetonitrile,  "Distilled  in  Glass"  grade. 

2.  Acetic  acid  and  sodium  chloride,  ACS  grade. 

3.  High  purity  water  froa  a  Milli-Q  water  purification 

system. 

4.  RDX,  DNT,  and  TNT  SARMs,  obtained  from  the  U.S.  Army 

Toxic  and  Hazardous  Materials  Agency. 

5.  Propiophenoae  (internal  standard),  analytical  grade. 


4.  STANDARDS: 

a.  Stock:  Weigh  approximately  20  ag  of  RDX,  DNT,  TNT,  and 
tetryl  SARM  or  interia  SARM  into  separate  100-ml  volumetric  flasks.  Dissolve 
each  compound  in  acetonitrile  and  dilute  to  volume.  The  concentration  of 
each  compound  is  200  pg/ml.  Quantitatively  pipette  20  ml  from  each  stock 
above  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  high-purity 
water.  Concentration  of  each  compound  is  40  pg/al. 

b.  Working:  Pipette  10  al  of  the  40  pg/al  of  each  compound 
stock  into  a  100-ml  volumetric  flask  and  dilute  to  voluate  with  high-purity 
water.  Concentration  of  each  compound  is  4  pg/al. 
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Reference 

solutions 

were  prepared  from  this 

stock  as  follows: 

pi  Working 

Stock 

pi  IS 
Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(ng/ml) 

500 

500 

0 

2,000 

375 

500 

125 

1,500 

250 

500 

250 

1,000 

125 

500 

375 

500 

25 

500 

475 

100 

0 

500 

500 

0 

*  Preparation  of  IS  stock  given  in  "c." 


c.  Internal  Standard  Stock:  Weigh  10  mg  propiophenone  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml).  Quantitatively  pipette  10  ml  of  the  100-pg/ml  stock  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  10  pg/ml) .  A  final  working  solution  of  2.0  pg/ml  is  prepared  by  pipet¬ 
ting  20  ml  of  the  10-pg/ml  stock  into  a  100-ml  volumetric  flask  and  diluting 
to  volume  with  acetonitrile. 

5.  PROCEDURES  FOR  PLASMA  SAMPLE  DETERMINATION: 

a.  Plasma  Sample  Preparation:  The  procedure  employed  to 
prepare  plasma  samples  for  the  HPLC-UV  determination  of  RDX,  DNT,  TNT,  and 
tetryl  consisted  of: 

1.  Quantitatively  pipette  12  1.0-trtl  plasma 

aliquots  into  culture  tubes  with  Teflon-lined 
screw  caps. 

2.  Spike  two  e3ch  of  the  plasma  aliquots  with  the  work¬ 

ing  stock  (4  pg/ml)  at  the  following  levels:  2,000 
ng  (500  pi),  1,500  ng  (375  pi),  1,000  ng  (250  pi), 
500  ng  (125  pi),  and  100  ng  (25  pi).  The  remaining 
two  plasma  aliquots  serve  as  plasma  blanks.  All 
samples  were  adjusted  to  a  total  volume  of  1.5  ml 
with  high-purity  water  containing  10%  acetonitrile. 

3.  Add  1.0  ml  of  a  10%  sodium  chloride  solution  contain¬ 

ing  2%  acetic  acid  to  each  aliquot. 
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4.  Mix  thoroughly  on  a  vortex  sixer. 

5.  Extract  the  plasma  sauples  with  2  al  toluene 

("Distilled  in  Glass"  grade)  by  vortexing  for  30 
sec  followed  by  centrifugation  at  1,000  rpa  for 
20  sin. 

6.  Transfer  the  toluene  extracts  to  properly  labeled 

culture  tuber  with  Teflon-lined  screw  caps. 

7.  Repeat  the  toluene  extraction  (steps  S  and  6)  twice 

■ore  combining  the  toluene  extracts  in  the  appro¬ 
priate  tubes. 

8.  Quantitatively  pipette  0.5  al  high-purity  water 

into  each  toluene  extract. 

9.  Evaporate  the  toluene  at  rooa  teaperature  under  a 

streaa  of  nitrogen.  NOTE:  Continue  evaporation 
until  the  toluene  has  been  completely  removed  from 
culture  tube.  Do  not  heat  the  samples  during  the 
evaporation  step  or  loss  of  RD2,  DOT,  and  TOT  may 
occur. 

10.  Add  SCO  pi  IS  stock  (1,000  ng)  to  each  plasma  ex¬ 
tract  and  aix  thoroughly.  NOTE:  Final  volume  of 
the  prepared  samples  is  1.0  al. 

11.  Filter  the  solutions  through  0.45  p  Fluoropore  fil¬ 
ters  into  culture  tubes. 

12.  Analyze  a  50-  to  100-pl  aliquot  by  HPLC. 

b.  Calibration:  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (RWR)  (Eq.  1)  of  each  compound  was  calculated  and  the  average  RWR 
utilized  to  determine  the  nanograms  of  each  compound  in  every  reference  solu¬ 
tion  (Eq.  2).  The  nanograms  found  were  plotted  against  the  nanograos  added 
and  a  linear  regression  evaluation  of  the  data  was  conducted.  The  slope, 
intercept,  and  correlation  coefficient  for  each  compound  were  determined. 

The  data  are  summarized  in  Table  1  which  include  the  average  value  at  each 
level  for  each  compound,  the  standard  deviation,  coefficient  of  variation, 
and  percent  inaccuracy.  The  raw  data  and  calculations  are  given  in  Table  8 
of  the  Appendix. 


bud  -  Peak  Height  Cpd  ng/al  IS  (Eq.  1) 

~  Peak  Height  IS  ng/al  Cpd 


51 

al 


compound 


found 


Peak  Height  Cpd  ng/al  IS 
Peak  Height  IS  XAvg.  RWR 


(Eq.  2) 
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c.  Plasma  Sample  Analysis;  The  plasma  samples  prepared  as 
outlined  in  Section  5. a  were  injected  onto  the  HPLC  system.  The  peak  height 
of  each  compound  was  measured  and  recorded.  Plasma  samples  were  prepared 
and  analyzed  on  four  succeeding  days. 

6.  CALCULATION:  The  level  (nanograms  per  milliliter)  of  each 
compound  found  in  the  plasma  samples  was  determined  using  the  relative  weight 
response  to  an  internal  standard  method.  The  RVR  values  for  reference  solu¬ 
tions  (Eq.  1)  analyzed  with  a  day  set  of  plasma  samples  were  calculated  and 
the  average  RWR  values  for  RDX,  DNT,  and  TNT  were  determined.  These  values 
were  employed  to  determine  the  plasma  level  of  each  compound  by  Eq.  2  where 
nanograms  per  milliliter  compound  represents  the  level  found  in  the  plasma 
sample.  The  results  for  the  duplicate  determinations  of  RDX,  DNT,  and  TNT 

in  plasma  at  five  levels  on  four  succeeding  days  are  summarized  in  Tables 
2,  3  and  4,  and  the  average  level  found,  the  standard  deviation,  coefficient 
of  variation,  and  percent  inaccuracy  are  also  included.  A  linear  regression 
evaluation  of  the  results  was  made;  the  slope,  intercept,  ind  correlation 
coefficient  are  given  in  the  tables.  The  level  of  each  compound  in  the  plasma 
was  plotted  against  the  amount  added  and  these  data  are  shown  in  Figures  2 
to  4. 

Graphic  presentations  of  the  standard  deviation,  coefficient  of 
variation,  and  the  percent  inaccuracy  for  RDX,  DNT,  and  TNT  determination 
in  plasma  are  given  in  Figures  5,  6,  and  7,  respectively.  Representative 
HPLC  chromatograms  are  shown  for  a  plasma  blank  (Figure  8),  a  100-ng/ml 
plasma  sample  (Figure  9),  and  a  1,000-ng/ml  plasma  sample  (Figure  10).  The 
raw  data  and  calculations  for  the  plasma  sample  determinations  are  given  in 
Tables  9  to  12  in  the  Appendix. 

7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  RDX,  DNT,  and  TNT  in  plasma 
(Tables  2,  3  and  4)  by  the  Hubaux  and  Vos  detection  limit  program  was  made 
at  the  U.S.  Array  Toxic  and  Hazardous  Materials  Agency.  The  results  of  these 
evaluations  are  given  in  Table  5  for  RDX,  Table  6  for  DNT,  and  Table  7  for 
TNT.  When  the  2000  and  1500  ng/ml  data  points  were  omitted,  the  detection 
limits  for  RDX,  DNT,  and  TNT  in  plasma  as  determined  by  the  program  were 
145,  256,  and  248  ng/ml,  respectively.  The  average  nanograms  per  milliliter 
found  at  each  level  were  determined  from  the  linear  regression  equation  for 
the  48  data  points  and  the  nanogram  per  milliliter  added  at  that  level. 

The  standard  deviation  and  percent  imprecision  (coefficient  of  variation) 
at  each  level  were  calculated  based  on  this  average  nanograms  per  milliliter 
found.  Thus,  these  values  and  the  values  given  in  Tables  2,  3,  and  4  (based 
on  the  average  of  the  eight  assays  at  each  level)  are  not  comparable.  The 
present  inaccuracy  term  was  calculated  from  the  average  of  the  eight  data 
points  at  each  level,  and  thus  agrees  with  the  values  in  Tables  2,  3  and  4. 
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HPLC  Conditions 


DNT'-jJ- 


tetryl 


=Fr 


Coluan:  Spherisorb  ODS,  5  V , 
250  x  4.6  ■■  ID 
Fluent:  30Z  Acetonitrile  in 
1Z  acetic  in  water 
Flow  Fate:  1.5  ml /min 
Chart  Speed:  0.1  in./ain 
Detector:  DV,  254  na 


taple  Characteristics 

Concentrations:  FDX,  DNT,  TNT, 
and  tetryl  -  500  ng/ml; 

IS  -  1,000  ng/ml 
Injection  volume:  70  ul 
Attenuation:  0.01  X 


Retention  Indices 


Retention 

Volume 


Retention 

Time 


13.5 

9 

22.5 

15 

31.5 

21 

34.5 

23 

39 

26 

Figure  1  -  HPLC  Separation  of  RDX,  DNT,  THT,  and  Tetryl 
SAKMS  and  Propiophenone  (IS) 
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Figure  5  -  Standard  Deviation  for  RDXt  DNT,  and  TNT  in  Plasma 


RDX 


Concentration  (ng/ml)  RDX,  DNT,  TNT  Added  to  Plasma 


jlnq  v 


500  1000  150C 

Concentration  (ng/ml)  RDX,  DNT,  TNT  Added  to  Plasma 


i 

-4 . 1 


DOT,  ; 


HPLC  Conditions 

Column:  Spherisorb  ODS,  5  y, 
250  x  4.6  cm  ID 
Eluent:  302  acetonitrile  in 
12  acetic  acid  in  water 
Plow  rate:  1.5  ml/min 
Chart  speed:  0.1  in. /min 
Detector:  UV,  254  nm 


Sample  Characteristics 

1.0  ml  plasma  extracted  3  x  2  ml 
with  toluene.  Toluene  evaporated 
and  sample  reconstituted  to  1  ml 
IS  concentration:  1,000  ng/ml 
Injection  volume:  70  yl 
Attenuation:  0.01  X 


Figure  8  -  HPLC  Analysis  of  Blank  Plasma  for  RDX,  DOT,  and  TOT 
Method  Development.  "X"  indicates  toluene  contaminant. 
Arrows  indicate  elution  position  of  RDX,  DOT,  and  TOT. 


HPLC  Conditions 


Column:  Spherisorb  ODS,  5  u, 
250  x  4.6  ns  ID 
Eluent:  302  acetonitrile  in 
12  acetic  acid  in  water 
Flow  rate:  1.5  ml/tnin 
Chart  speed:  0.1  in. /min 
Detector:  UV,  254  run 


Sample  Characteristics 


1.0  al  plasma  containing 
100  ng/al  RDX,  DNT  and  TNT 
extracted  3  x  2  ml  with  toluene. 
Toluene  evaporated  and  sample 
reconstituted  to  1  ml 

IS  concentration:,  1,000  ng/ml 
Injection  volume:  70  yl 
Attenuation:  0.01  X 


Figure  9  -  HPLC  Analysis  of  Plasma  Containing  100  ng/al  RDX,  DNT,  and  TNT. 

"X"  indicates  toluene  contaminant. 
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TABLE  7 
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U.S.  Army  Armament  Research  and  Development  Command 
Aberdeen  Proving  Ground  (Edgewood  Area) 

Maryland  21020 

Contract  Ho.  DAAK11-79-C-0110 

Identification  or  Development  of  Chemical  Analysis  Methods 
for  Flant  and  Animal  Tissues 

METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF 
CYCLOTRIMETHYIENETRINITRAMIirg  (RDX) ,  DINITRQTOLUENE  (DNT)  , 
AMD  TRINITROTOLUENE  CTOT)  IN  KIDNEY 


1.  APPLICATION:  The  developed  method  is  for  the  quantitative 
determination  of  RDX,  DNT,  and  TNT  in  animal  kidney  samples  using  high  per¬ 
formance  liquid  chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at 
254  nm. 


a.  Evaluated  Concentration  Range:  The  concentration  range 
of  RDX,  DNT,  and  TNT  studied  in  reference  solutions  and  in  kidney  samples 
was  100  to  2,000  ng/g  (parts  per  billion,  ppb). 

b.  Sensitivity:  A  signal-to-noise  ratio  of  6  to  1  for  RDX 
(peak  height  (PH),  25  mm),  9  to  1  for  DNT  (PH,  40  mm),  and  8  to  1  for  TNT 
(PH,  30  mm)  was  obtained  with  an  injection  of  50  pi  of  a  100  ng/ml  solution 
of  each  compound  (ca.  5  ng  each  compound  on  column). 

c.  Detection  Limits:  95  ng/g  RDX,  179  ng/g  DNT,  and  211 
ng/g  TNT  using  the  Hubaux  and  Vos  detection  limit  program. 

d.  Interferences :  No  interfering  kidney  components  were 
found  to  elute  with  the  same  retention  volume  as  DNT  or  TNT.  A  small  peak 
eluted  just  prior  to  RDX  and  interfered  with  the  quantification  of  RDX  at 
low  levels.  This  peak  corresponded  to  less  than  50  ng/g  RDX. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
was  40  min.  Two  reference  solutions  were  analyzed  prior  to  injecting  the 
prepared  samples,  and  two  were  analyzed  during  the  day  (160  min  total  time). 
Thus ,  a  total  of  eight  prepared  kidney  samples  (320  min  total  time)  can  be 
analyzed  during  an  8-hr  day. 

2.  CHEMISTRY :  RDX,  DNT,  and  TNT  are  munition  compounds  manufac¬ 
tured  at  various  installations.  The  possible  environmental  contamination 
of  these  compounds,  particularly  in  plants  and  animals,  is  of  concern. 
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The  determination  of  the  kidney  levels  of  RDX,  DNT,  and  TNT  in  animals  may 
provide  information  on  the  extent  and  level  of  contamination  at  the  produc¬ 
tion  facilities  and  in  the  surrounding  area.  Each  of  these  munitions  has  a 
sufficient  UV  chromophore  at  254  na  to  allow  UV  detection  and  quantification. 
These  munitions  are  of  intermediate  polarity  and  have  limited  water  solubility 
Normally,  biological  matrices  have  a  large  number  of  components  which  will 
interfere  with  the  detection  and  quantification  of  low  levels  of  compounds. 
Reverse  phase  HPLC  is  capable  of  separating  compounds  with  similar  chemical 
and  physical  properties;  the  elution  order  of  the  technique  is  based  on  the 
polarity  of  the  compounds,  the  more  polar  compounds  being  eluted  first. 

Thus,  by  extracting  the  biological  matrix,  i.e.,  kidney,  with  an  intermedi¬ 
ate  polarity  solvent  and  analyzing  the  extract  by  HPLC,  a  simple  sample 
preparation  and  analysis  system  may  be  defined  for  the  determination  of 
RDX,  DNT,  and  TNT  in  kidney  samples. 

3.  APPARATUS: 

a.  Instrumentation :  A  Waters  isocratic  liquid  chromatographic 
system  consisting  of  a  Model  60Q0A  pump,  Model  U6K  injector,  and  Model  440 

UV  detector.  A  general  purpose  centrifuge  (Dynac,  Clay  Adams  0101)  with  a 
24-place  head. 

• 

b.  HPLC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  (J,  250  x  4.6  am  ID. 

2.  Eluent:  30%  acetonitrile  in  1%  acetic  acid  in  water. 

3-  Flow  rate:  1.5  nl/min. 

4.  Detector:  UV,  254  nm. 

5.  Internal  standard:  propiophenone,  1,000  ng/ml. 

6.  Injection  volume:  50  to  100  pi. 

7.  Retention  volumes  and  times:  RDX,  15  ml,  10  min; 

DNT,  37.5  ml,  25  min;  TNT,  42  ml,  28  min;  IS, 

28.5  ml,  19  min.  NOTE:  Slight  changes  in  the 
retention  indices  may  occur  with  fresh  eluent  or 
a  change  in  columns. 

A  representative  HPLC  chromatogram  for  RDX,  DNT,  and  TNT  is 
shown  in  Figure  1.  Also  included  on  the  chromatogram  are  peaks  for  an  in¬ 
ternal  standard  (propiophenone)  and  2,4,5-triuitrophenylmethylnitramiue 
(tetryl) . 
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Laboratory  Glassware  and  Equipaent: 


1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Voluaetric  flasks  (100  al). 

3.  Voluaetric  syringes  (0-100  pi,  0-500  pi,  and  0- 

1,000  pi). 

4.  Automatic  pipetter  (0-5  al). 

5.  Six-speed  Waring-type  blender  with  glass  container. 

6.  Teflon-glass,  aotor-driven  tissue  hoaogenizer. 

7.  Filtering  apparatus  including  filter  holders,  5-al 

disposable  syringes,  and  0.45  p  Fluoropore  filters. 

S.  Inert  gas  (nitrogen)  drying  train  with  12  ports, 
d.  Chemicals: 

1.  Toluene  and  acetonitrile,  "Distilled  in  Glass"  grade. 

2.  Acetic  acid  and  sodiua  chloride,  ACS  grade. 

3.  High  purity  water  froa  a  Milli-Q  water  purification 

systea. 

4.  RDX,  DNT,  and  THT  SARMs,  obtained  froa  the  U.S.  Army 

Toxic  and  Hazardous  Materials  Agency. 

5-  Propiophenone  (internal  standard),  analytical  grade. 


4.  STANDARDS: 

a.  Stock:  Weigh  approximately  20  ag  of  TUT,  DNT,  RDX  and 
tetryl  SARM  or  interia  SARM  into  aeparte  100-ml  voluaetric  flasks.  Dissolve 
each  compound  in  acetonitrile  and  dilute  to  voluae.  The  concentration  of 
each  coopound  is  200  pg/al.  Quantitatively  pipette  20  al  froa  each  stock 
above  into  a  100-al  voluaetric  flask  and  dilute  to  voluae  with  distilled 
water.  Concentration  of  each  compound  is  40  pg/al. 

b.  Working:  Pipette  10  al  of  the  40  pg/al  of  each  compound 
stock  into  a  100-al  voluaetric  flask  and  dilute  to  voluae  with  high  purity 
water.  Concentration  of  each  coapound  is  4  pg/al. 


3 

111 


Reference  solutions  were  prepared  from  this  stock  as  follows: 


pi  Vorking 

Stock 

pi  IS 
Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(ng/ml) 

500 

500 

0 

2,000 

375 

500 

125 

1,500 

250 

500 

250 

1,000 

125 

500 

375 

500 

25 

500 

475 

100 

0 

500 

500 

0 

*  Preparation  of 

IS  stock 

given  in  "c"  below. 

c. 

Internal 

Standard  Stock:  Weigh  10  mg  propiopbenone  into 

a  100-al  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml).  Quantitatively  pipette  10  ml  of  the  100  |ig/ml  stock  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  10  pg/ml).  A  final  working  solution  of  2.0  pg/ml  is  prepared  by  pipet 
ting  20  ml  of  the  10  pg/ml  stock  into  a  100-ml  volumetric  flask  and  diluting 
to  volume  with  acetonitrile. 

5.  PROCEDURES  FOR  KIDNEY  SAMPLE  DETERMINATION: 

a.  Kidney  Sample  Preparation:  The  procedure  employed  to 
prepare  kidney  samples  for  the  HPLC-UV  determination  of  RDX,  DNT,  and  TNT 
consisted  of: 


1.  Place  approximately  50  g  of  kidney  into  a  Waring- 
type  blender  and  blend  for  1  min  on  speed  six  (liquify).  Note:  To  com¬ 
pletely  liquify  the  kidney  sample,  the  sides  of  the  glass  container  are 
scraped  with  a  spatula. 


2.  Transfer  approximately  10  g  of  the  liquified  kidney 
sample  to  a  motor-driven  Teflon-glass  homogenizer. 

3.  Homogenize  the  sample  for  30  sec  to  disrupt  the  cell 
walls  of  the  kidney  sample.  Note:  The  homogenization  step  is  necessary  to 
solubilize  the  intercellular  compounds  prior  to  the  extraction  step. 

4.  Repeat  steps  3  and  4  on  the  remaining  liquified  kidney 
samples  and  combine  the  homogenized  samples. 

5.  Accurately  weigh  12  1.0  g  homogenized  kidney  aliquots 
invo  culture  tubes  with  Teflon-lined  screw  caps. 
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6.  Spike  two  each  of  the  homogenized  kidney  aliquots 
with  the  working  stock  (4  pg/ml  each  RDX,  DHT,  and  TNT)  at  the  following 
levels:  2,000  tig  (500  pi);  1,500  ng  (375  pi);  1,000  ng  (250  pi);  500  ng 
(125  pi);  and  100  ng  (25  pi).  The  remaining  two  kidney  aliquots  serve  as 
kidney  saaple  blanks.  All  samples  are  adjusted  to  a  total  volume  of  1.5  ml 
with  high  purity  water  containing  10%  acetonitrile. 

7.  '  Add  1.0  ml  of  a  10%  sodium  chloride  solution  con¬ 
taining  2%  acetic  acid  to  each  aliquot. 

8.  Mix  thoroughly  on  a  vortex  mixer. 

9.  Extract  the  kidney  samples  with  2  ml  toluene 
("Distilled  in  Glass"  grade)  by  vortexing  for  30  sec  followed  by  centrifuga¬ 
tion  at  1,000  rpm  for  20  min.  Note:  The  centrifugation  step  is  required 

to  break  the  emulsion  formed  during  extraction. 

10.  Transfer  the  toluene  extracts  to  properly  labeled 
culture  tubes  with  Teflon-lined  screw  caps. 

11.  Repeat  the  toluene  extraction  (steps  9  and  10) 
twice  more,  combining  the  toluene  extracts  in  the  appropriate  tubes. 

12.  Evaporate  the  toluene  at  room  temperature  under  a 
stream  of  nitrogen.  NOTE:  Do  not  heat  the  samples  during  the  evaporation 
step,  or  loss  of  RDX,  DNT,  and  TNT  may  occur.  Continue  evaporation  until 
toluene  has  been  completely  removed  from  the  culture  tube. 

13.  Add  about  1.0  ml  ethyl  acetate  to  the  kidney  sample 
residues  and  vortex  mix  for  30  sec. 

14.  Evaporate  the  ethyl  acetate  at  room  temperature 
under  a  stream  of  nitrogen.  NOTE:  The  ethyl  acetate  aids  in  removing  the 
last  traces  of  toluene  from  the  kidney  samples. 

15.  Dissolve  the  residues  in  500  pi  acetonitrile  con¬ 
taining  1,000  ng  IS  and  mix  thoroughly  on  a  vortex  mixer. 

16.  Add  500  pi  high-purity  water  to  each  extracted  kidney 
sample  and  mix  thoroughly.  NOTE:  Final  volume  of  the  prepared  samples  is 

1.0  ml. 


17.  Filter  the  solutions  through  0.45-p  Fluoropore 
filters  into  culture  tubes. 

18.  Anslyze  s  50-  to  100-pl  sliquot  of  esch  prepared 
kidney  sample  by  HPLC. 

19.  After  the  elution  of  the  TNT  -teak,  wash  the  column 
for  3  min  with  100%  acetonitrile  at  1.5  ml/min  to  remove  any  late  eluting 
cosq>ounds.  NOTE:  The  acetonitrile  wash  step  is  required  to  prevent  possible 
interference  in  the  chromatographic  analysis  of  the  next  sample. 
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20.  After  the  3-ain  wash,  switch  the  system  back  to 
the  eluent.  Allow  approximately  7  ain  for  equilibration  prior  to  the  next 
injection. 


b.  Calibration;  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (RWR)  (Eq.  1)  of  each  compound  was  calculated  and  the  average  RWR 
utilized  to  determine  the  nanograms  of  each  compound  in  every  reference  solu¬ 
tion  (Eq.  2).  The  naaograms  found  were  plotted  against  the  nanograms  added, 
and  a  linear  regression  evaluation  of  the  data  was  conducted.  The  slope, 
intercept,  and  correlation  coefficient  for  each  compound  were  determined. 

The  data  are  summarized  in  Table  1,  which  includes  the  average  value  at  each 
level  for  each  compound,  the  standard  deviation,  coefficient  of  variation 
(relative  standard  deviation),  and  the  percent  inaccuracy.  The  raw  data 
and  calculations  are  given  in  Table  8  of  the  Appendix. 


_  Peak  Height  Cpd  ng/al  IS  (Eq.  1) 

Peak  Height  IS  X  ng/al  Cpd 


ng/al  or  ng/g  compound  = 


Peak  Height  Cpd 
Peak  Height  IS 


x 


ng/ml  IS 
Avg.  RWR 


(Eq.  2) 


c.  Kidney  Sample  Analysis;  The  kidney  samples  prepared  as 
outlined  in  Section  5. a  were  injected  onto  the  HPLC  system.  The  peak  height 
of  each  compound  was  measured  and  recorded.  Kidney  samples  were  prepared 
and  analyzed  on  four  succeeding  days. 

6.  CALCULATION ;  The  level  (nanograms  per  gram)  of  each  compound 
in  the  kidney  samples  was  determined  using  the  relative  weight  response  to 
an  internal  standard  method.  The  RWR  values  (Eq.  1)  for  the  reference  solu¬ 
tions  analyzed  with  a  day's  set  of  kidney  samples  were  calculated,  and  the 
average  values  for  RDX,  DNT,  and  TNT  were  determined.  These  RWR  values  were 
employed  to  calculate  the  kidney  sample  level  of  each  compound  by  Equation 
2,  where  nanograms  per  gram  represents  the  level  found  in  the  kidney  sample. 
The  results  for  the  duplicate  determinations  of  RDX,  DNT,  and  TNT  in  kidney 
samples  at  five  different  levels  on  four  succeeding  days  are  summarized  in 
Tables  2,  3,  and  4.  The  average  level  found,  the  standard  deviation,  co¬ 
efficient  of  variation,  and  percent  inaccuracy  are  also  included.  A  linear 
regression  evaluation  of  the  results  was  made;  the  slope,  intercept,  and 
correlation  coefficient  are  given  in  the  tables.  The  level  of  each  compound 
found  in  the  kidney  samples  was  plotted  against  the  amount  added,  and  these 
data  are  shown  in  Figures  2,  3,  and  4.  A  graphic  presentation  of  the  stan¬ 
dard  deviation,  coefficient  of  variation,  and  percent  inaccuracy  for  the 
determination  of  RDX,  DNT,  and  TNT  in  kidney  samples  is  given  in  Figures  5, 

6,  and  7,  respectively.  Representative  HPLC  chromtograms  are  shown  for  a 
kidney  sample  blank  (Figure  8),  a  100  ng/g  kidney  sample  (Figure  9),  and  a 
1,000  ng/g  kidney  sample  (Figure  10).  The  raw  data  and  calculations  for 
the  kidney  sample  determinations  are  giv^n  in  Tables  9  to  12  in  the  Appendix. 
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7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  RDX,  DNT,  and  TUT  in  kidney  samples 
(Tablet  2,  3,  and  4)  by  the  Hubaux  and  Vos  detection  limit  program  was  made 
at  the  U.S.  Anrv  Toxic  and  Hazardous  Materials  Agency.  The  results  of  these 
evaluations  are  given  in  Table  5  for  RDX,  Table  6  for  DNT,  and  Table  7  for 
TOT.  When  the  2,000-  and  1,500-ng/g  deta  points  wece  omitted,  the  detection 
lisiits  for  RDX,  DNT,  and  TOT  in  kidney  as  determined  by  the  program  were 
95,  179,  and  211  cg/g,  respectively.  The  average  nanogramt  per  s™*  value 
found  at  each  level  was  determined  from  the  linear  regression  equation  for 
the  48  data  points  and  the  nanograms  per  gram  added  at  that  level.  The  stan¬ 
dard  deviation  and  percent  imprecision  (coefficient  of  variation)  at  each 
level  were  calculated  based  on  this  sverage  nanograms  per  gram  value  found. 
Thus,  these  values  and  the  values  given  in  Tables  2,  3,  and  4  (based  on  the 
average  of  the  eight  assays  at  each  level)  are  not  comparable.  The  percent 
inaccuracy  term  was  calculated  from  the  average  of  the  eight  data  poi-'.ts  at 
each  level,  and  thus  agrees  with  the  values  in  Tables  2,  3,  and  4. 
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HPLG  Conditions 

Column:  Spherlsorb  ODS,  5  y , 
250  x  4.6  urn  ID 
Eluent:  302  acetonitrile  in 
IX  acetic  in  water 
Flow  Rate:  1.5  ml /min 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  na 


?le  Characteristics 


Concentrations:  RDX,  DNT,  TNT, 
and  tetryl  -  500  ng/ml; 

IS  -  1,000  ng/ml 
Injection  volume:  70  yl 
Attenuation:  0.01  X 
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Unear  Regression 
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Figure  2  -  Determination  of  RDX  in  Kidney 
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RDX 


Coefficient  of  Variation  for  RDX,  DNT,  and  TNT  in  Kidney  Samples 


Inaccuracy  for  RDX,  DNT,  and  TNT  in  Kidney  Samples 


HPLC  Conditions: 

Column:  Spherlsorb  ODS,  5  u , 
250  x  4.6  mm  ID 
Eluent:  30Z  acetonitrile  In 
1Z  acetic  acid  in  water 
Plow  Rate:  1.5  ml /min 
Chart  Speed:  0.1  ln/rain 
Detector:  UV,  254  nm 

Sample  Characteristics: 

1.0  g  kidney  extract 
3  x  2  ml  with  toluene. 

Toluene  evaporated  and  sample 
reconstituted  to  1.0  ml. 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  ul 
Attenuation:  0.01  X 


Figure  8  -  HPLC  Analysis  of  Blank  Kidney  Sample  for  RDX,  DNT,  and  TNT 
Method  Development.  "X"  Indicates  toluene  contaminant. 

Arrows  indicate  elution  position  of  RDX,  DNT,  and  TNT. 


HPLC  Conditions 


Column:  Spherisorb  ODS,  5  p, 
250  x  4.6  mm  ID 
Eluent:  30Z  acetonitrile  in 
1Z  acetic  acid  in  water 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in/min 
Detector:  UV,  254  nm 

Sample  Characteristics: 

1.0  g  kidney  containing 
100  ng/g  RDX,  DOT,  and  TNT 
extracted  3  x  2  ml  with  toluene. 
Toluene  evaporated  and  sample 
reconstituted  to  1.0  ml. 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


Figure  9  -  HPLC  Analysis  of  Kidney  Containing  100  ng/g  RDX,  DOT,  and  TOT. 
"X"  indicates  toluene  contaminant. 


HPLC  Conditions: 

Colvn:  Spherisorb  ODS,  5  p, 
250  x  4.6  mm  ID 
Eluent:  302  acetonitrile  in 
12  acetic  icid  in  water 
Flow  Rate:  1.5  ml  /min 
Chart  Speed:  0.1  in/ain 
Detector:  UV,  254  na 

Sample  Characteristics: 

1.0  g  kidney  containing 
1,000  ng/g  RDX,  DNT,  and  TNT 
extracted  3  x  2  nil  with 
toluene.  Toluene  evapoiated 
and  sample  reconstituted  to 
1  ml. 

IS  Concentration:  1,000  ng/ml 
Injection:  70  ul 
Attenuation:  0.01  X 


T  |  | - 1 - 1 - , - 

15  30  ul 

lf>  20  ain 

Figure  10  -  HPLC  Analysis  of  Kidney  Containing  1,000  ng/g 

RDX,  DNT,  and  TNT 
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STATISTICAL  EVALUATION  OF  RDX  IN  KIDNEY  DATA  BY 
THE  HUBAUX  AND  VOS  DETECTION  LIMIT  PROGRAM 
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STATISTICAL  EVALUATION  OF  TNT  IN  KIDNEY  DATA  BY 
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APPENDIX 

METHOD  DEVELOPMENT  FOR  THE  DETERMINATION 
OF  RDX,  DNT,  AND  TNT  IN  KIDNEY  SAMPLES 

RAW  DATA  AND  CALCULATIONS 
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Mot  RDX,  level  calculated  froai  HPLC  peak  eluting  1.5  al  prior  to 
and  diaregarded  in  further  data  evaluations. 
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DETERMINATION  OF  RDX,  DNT,  AND  TNT  IN  KIDNEY  SAMPLES 


lt  RDX,  level  calculated  fr<«  HPLC  peak  eluting  1.5  *1  prior  to 
and  disregarded  in  further  data  evaluations. 
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Midwest  Research  Institute 
Analytical  Chemistry  Department 
Kansas  City,  Missouri  64110 

for 

U.S.  Army  Armament  Research  and  Development  Command 
Aberdeen  Proving  Ground  (Edgewood  Area) 

Maryland  21010 

Contract  No.  DAAK11-79-C-0110 

Identification  or  Development  of  Chemical  Analysis  Methods 
for  Plants  and  Animal  Tissues 

METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF  CYCLOTRIMETHYLENE - 
TRINITRAMINE  (RDX) ,  DINITROTOLUENE  (DOT)  AND  TRINITROTOLUENE 
(TNT)  IN  MUSCLE/FAT  SAMPLES 


1.  APPLICATION:  The  developed  method  is  for  quantitative  deter¬ 
mination  of  RDX,  DNT,  and  TNT  in  animal  muscle/fat  tissue  samples  using  high 
performance  liquid  chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at 
254  run. 


a.  Evaluated  Concentration  Range:  The  concentration  range 
of  RDX,  DNT,  and  TNT  studied  in  reference  solutions  was  100,  500,  1,000, 
1,500,  and  2,000  ng/ml  and  in  muscle/fat  samples  was  50,  100,  200,  500,  and 
1,000  ng/g  (parts  per  billion,  ppb). 

b.  Sensitivity:  A  signal-to-noise  ratio  of  6  to  1  for  RDX 
(peak  height  (PH)  -  25  mm),  9  to  1  for  DNT  (PH  -  40  am),  and  8  to  1  for  TNT 
(PH  -  30  mm)  was  obtained  with  an  injection  of  50  pi  of  a  100  ng/ml  solution 
of  each  compound  (ca.  5  ng  each  compound  on  column). 

c.  Detection  Limits:  The  detection  limits  in  the  muscle/fat 
tissue  were  62  ng/g  for  RDX,  66  ng/g  for  DNT,  and  62  ng/g  for  TNT  using  the 
Hubaux  and  Vos  detection  limit  program. 

d.  Interferences:  No  interfering  components  from  th<?  muscle/ 
fat  sample  were  found  to  elute  with  the  same  retention  volumes  as  RDX,  DNT, 
or  TNT.  The  RDX  peak  eluted  as  a  shoulder  on  a  large  peak(s)  and  W3S  mea¬ 
sured  by  the  tangent  method. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
was  40  min.  Two  reference  solutions  were  analyzed  prior  to  injecting  the 
prepared  muscle/fat  samples  and  two  were  analyzed  during  the  day  (160  min 
total  time).  Thus,  a  total  of  eight  prepared  muscle/fat  samples  (320  min 
total  time)  can  be  analyzed  for  RDX,  DNT,  and  TNT  levels  during  an  8-hr  day. 

2.  CHEMISTRY:  RDX,  DNT,  and  TNT  are  munition  compounds  manufac¬ 
tured  at  various  installations.  The  possible  environmental  contamination 
of  these  compounds,  particularly  in  plants  and  animals,  is  of  concern.  The 
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determination  of  muscle/fat  levels  of  RDX,  DNT,  and  TNT  in  animals  may  provide 
informatior  on  the  extent  and  level  of  contamination  at  the  production  facili¬ 
ties  and  in  the  surrounding  area.  Each  of  these  munitions  has  a  sufficient 
UV  chromophore  at  254  na  to  allow  UV  detection  and  quantification.  Th-'se 
munitions  are  of  intermediate  polarity  and  have  limited  water  solubility. 
Normally,  biological  matrices  have  a  large  number  of  components  which  will 
interfere  with  the  detection  and  quantification  of  low  levels  of  compounds. 
Reverse  phase  HPLC  is  capable  of  separating  compounds  with  similar  chemical 
and  physical  properties;  the  elution  order  of  the  technique  is  based  on  the 
polarity  of  the  compounds,  the  more  polar  compounds  being  eluted  first. 

Thus,  by  extracting  the  biological  matrix,  i.e.,  murcle/fat,  with  an  inter¬ 
mediate  polarity  solvent  and  analyzing  the  extract  by  HPLC,  a  simple  sample 
preparation  and  analysis  system  may  be  defined  for  the  determination  of  RDX, 
DNT,  and  TNT  in  muscle/fat  samples. 

3.  APPARATUS: 

a.  Instrumentation:  A  Waters  isocratic  liquid  chromato¬ 
graphic  system  consisting  of  a  Model  600CA  pump,  Model  U6K  injector,  and 
Model  440  UV  detector.  A  general  purpose  centrifuge  (Dynac,  Clay  Adams 
0101)  with  a  24-place  head. 

b.  HPLC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  p,  250  x  4.o  no  ID. 

2.  Eluent:  28%  acetonitrile  in  1%  acetic  acid  in 

water.  NOTE:  30%  acetonitrile  eluent  was  employed 
for  precision  and  accuracy  evaluations  of  reference 
solutions.  The  28%  acetonitrile  eluent  was  required 
to  obtain  better  resolution  of  RDX  in  the  muscle/fat 
samples. 

3.  Flow  rate:  1.5  ml/min. 

4.  Detector:  UV,  254  nm. 

5.  Internal  standard:  Pripiophenone,  1,000  ng/ml. 

6.  Injection  volume:  50  to  100  pi. 

7.  Retention  volumes  and  times:  RDX,  18  ml,  12  min; 

DNT.  43.5  ml,  29  «in;  TNT,  48  ml,  32  min;  and 
IC,  33  ml,  22  min  in  the  28%  acetonitrile  eluent. 
NOTE:  Slight  changes  in  the  retention  indices  may 
occur  with  fresh  eluent  or  a  change  in  column. 

A  representative  HPLC  chromatogram  for  RDX,  DNT,  and  TNT  is 
shown  in  Figure  1.  Also  included  on  the  chromatogram  are  peaks  for  the 
internal  standard  (propiophenone)  and  2,4,6-trinitrophenylmethylnitramine 
(tetryl) . 


c.  Laboratory  Glassware  and  Equipment: 


1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Volumetric  flasks  (100  al). 

3.  Voluaetric  syringes  (0-100  pi,  0-500  pi,  and  0- 

1,000  pi). 

4.  Automatic  pipetter  (0-5  ml). 

5.  Six  speed  Waring-type  blender  with  glass  container. 

6.  Teflon-glass,  motor-driven  tissue  homogenizer. 

7.  Filtering  apparatus  including  filter  holders,  5-ml 

disposable  syringes,  and  0.45  p  Fluoropore  filters. 

8.  Inert  gas  (nitrogen)  drying  train  with  12  ports, 
d.  Chemicals 


1.  RDX,  DNT,  and  TNT  SARMS,  obtained  from  the  U.S. 

Army  Toxic  and  Hazardous  Materials  Agency. 

2.  Propiophenone  (internal  standard),  analytical 

grade . 

3.  Acetonitrile,  "Distilled  in  Glass"  grade;  and 

acetic  acid,  ACS  grade. 

4.  High  purity  water  from  a  Milli-Q  water  purification 

system. 


4.  STANDARDS: 


i 


j 

i 


\  * 

j  ' 

l 


a.  Stock:  Weigh  approximatley  20  mg  of  RDX,  DNT,  TNT,  and 
tetryl  SARM  or  interim  SARM  into  separate  100-ml  volumetric  flask.  Dissolve 
each  compound  in  acetonitrile  and  dilute  to  volume.  The  concentration  of 
each  compound  is  200  pg/ml.  Quantitatively  pipette  20  ml  from  each  stock 
above  into  a  100-ml  voluaetric  flask  and  dilute  to  volume  with  distilled 
water.  Concentration  of  each  compound  is  40  pg/ml. 

b.  Working:  Pipette  10  ml  of  the  40  pg/ml  each  compound 
stock  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  high  purity 
water.  Concentration  of  each  compound  is  4  pg/ml.  Reference  solutions 
were  prepared  from  this  stock  as  follows: 


pi  Working 
Stock 

pi  IS 
Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(ng/al) 

500 

250 

250 

2,000 

375 

250 

375 

1,500 

250 

250 

500 

1,000 

125 

250 

625 

500 

25 

250 

725 

100 

0 

250 

750 

0 

*  Prepration  of  IS  stock  given  in  "c." 

These  reference  solution  concentrations  were  employed  for  precision  and 
accuracy  evaluations  of  the  analytical  technique.  During  the  determination 
of  RDX,  DNT,  and  TNT  in  ouscle/fat  samples,  reference  solution-concentrations 
of  100,  200,  400,  1,000  and  2,000  ng/ml  of  each  compound  were  used. 

c.  Internal  Standard  Stock:  Weigh  10  mg  propiophenone  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml).  Quantitatively  pipette  20  ml  of  the  100  pg/ml  stock  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  20  pg/ml).  A  final  working  solution  of  4.0  pg/ml  is  prepared  by  pipet¬ 
ting  20  ml  of  the  20  pg/ml  stock  into  a  100-ml  volumetric  flask  and  diluting 
to  volume  with  acetonitrile. 

5.  PROCEDURE  FOR  MUSCLE/FAT  SAMPLE 


a.  Muscle/Fat  Sample  Preparation:  The  procedure  employed 
to  prepare  muscle/fat  samples  for  the  HPLC-UV  determination  of  RDX,  DNT, 
and  TNT  consisted  of: 


1.  Place  approximately  50  g  of  the  muscle/fat  composite 
tissue  into  a  Waring-type  blender  and  blend  for  1  min  on  speed  six  (liquify). 
NOTE:  To  completely  liquify  the  muscle/fat  sample,  the  sides  of  the  glass 
containers  are  scraped  with  a  spatula. 

2.  Transfer  approximately  10  g  of  the  liquified  muscle/ 
fat  sample  to  a  motor-driven  Teflon-glass  homogenizer. 

3.  Homogenize  the  sample  for  30  sec  to  disrupt  the 
cell  walls  of  the  muscle/fat  sample.  NOTE:  The  homogenization  step  is 
necessary  to  solubilize  the  intercellular  compounds  prior  to  the  extraction 
step. 


4.  Repeat  steps  3  and  4  on  the  remaining  liquidified 
muacle/fat  sample  and  combine  the  homogenized  samples. 

5.  Accurately  weigh  12  2.0  g  homogenized  muscle/fat 
sample  aliquots  into  culture  tubes  with  Teflon-lined  screw  caps. 


6.  Spike  two  each  of  the  homogenized  muscle/fat  aliquots 
with  the  working  stock  (4  pg/ml  each  RDX,  DOT,  and  TOT>  at  the  following 
levels:  2,000  ng  (500  pi),  1.000  ng  (250  pi),  400  ng  (100  pi),  200  ng  (50 
pi),  and  100  ng  (25  pi).  The  remaining  two  muscle/fat  aliquots  served  as 
blanks . 


7.  Adjust  the  sample  volume  to  2.5  ml  with  high  purity 
water  containing  10%  acetonitrile  assuming  2  g  muscle/fat  sample  equals  2 
ail. 


8.  Add  6.0  ml  acetonitrile  to  each  aliquot  and  mix 
thoroughly  on  a  vortex  mixer  for  at  least  2  min. 

9.  Centrifuge  at  1,000  rpm  for  20  min. 

10.  Transfer  the  acetonitrile  layers  to  properly 
labeled  culture  tubes  with  Teflon-lined  screw  cap. 

11.  Repeat  the  acetonitrile  extraction  using  3  ml 
acetonitrile  and  combine  the  extracts  in  the  appropriate  tubes. 

12.  Concentrate  the  acetonitrile  to  approximately  250 
pi  at  room  temperature  under  a  stream  of  nitrogen.  NOTE:  Do  not  heat  the 
samples  during  the  evaporation  steps  or  loss  of  RDX,  DOT,  and  TNT  may  occur. 

13.  Add  250  pi  IS  stock  (1,000  ng)  to  each  extracted 
auscle/fat  sample  and  mix  thoroughly. 

14.  Add  500  pi  high  purity  water  to  each  sample.  NOTE: 
Final  volume  of  the  prepared  samples  is  1.0  ml. 

15.  Filter  the  solutions  through  a  0.45  p  Fluoropore 
filter  into  culture  tubes. 

16.  Analyze  a  50-  to  100-pl  aliquot  of  each  prepared 
muscle/fat  sample  by  HPLC. 

b.  Calibration:  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (RVR)  (Eq.  1)  of  each  compound  was  calculated  and  the  average  RWR 
utilized  to  determine  the  nanograms  of  each  compound  in  every  reference  solu¬ 
tion  (Eq.  2).  The  nanograms  found  were  plotted  against  the  nanograras  added. 
The  slope,  intercept,  and  correlation  coefficient  for  each  compound  were 
determined.  The  data  are  summarized  in  Table  1  and  include  the  average  value 
at  each  level  for  each  compound,  the  standard  deviation,  coefficient  of  vari¬ 
ation,  and  percent  inaccuracy.  The  raw  data  and  calculations  are  given  in 
Table  8  of  the  Appendix. 

run  =  Pe»k  Height  Cpd  ng/ml  IS  (Eq.  1) 

Peak  Height  IS  ng/ml  Cpd 
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(Eq.  2) 


■1 


or 


ng/2  g  compound  = 


Peak  Height  Cpd 
Peak  Height  IS 


ng/ml  IS 
*  Avg.  RWR 


c.  Huscle/Fat  Sample  Analysis:  The  muscle/fat  samples  pre¬ 
pared  as  outlined  in  Section  5. a  were  injected  onto  the  HPLC.  The  peak  height 
of  each  compound  was  measured  and  recorded.  Muscle/fat  samples  were  prepared 
and  anayzed  on  four  succeeding  days. 

6.  CALCULATION:  The  level  of  each  compound  in  the  2.0  g  muscle/ 
fat  samples  was  determined  using  the  relative  weight  response  to  an  internal 
standard  method.  The  RWR  values  (Eq.  1)  for  the  reference  solutions  analyzed 
with  a  day  set  of  muscle/fat  samples  were  calculated  and  the  average  values 
for  RDX,  DNT,  and  TNT  determined.  These  RWR  values  were  employed  to  calculate 
the  level  of  RDX,  DNT,  and  TNT  in  the  muscle/fat  samples  (Eq.  2)  where  the 
nanograms  per  milliliter  term  represents  the  level  found  in  the  2.0  g  sample. 
The  nanograms  per  gram  of  each  compound  were  determined  by  dividing  the  level 
found  by  the  sample  weight.  The  results  for  the  duplicate  determinations 
of  RDX,  DNT,  and  TNT  in  muscle/fat  sanples  at  five  different  levels  on  four 
succeeding  days  are  summarized  in  Tables  2,  3,  and  A.  The  average  level 
found,  the  standard  deviation,  coefficient  of  variation,  and  percent  inac¬ 
curacy  are  also  included.  A  linear  regression  evaluation  of  the  results 
was  made;  and  the  slope,  intercept,  and  correlation  coefficient  are  given 
in  the  tables.  The  level  of  each  compound  found  in  the  muscle/fat  samples 
was  plotted  against  the  amount  added  and  these  data  are  shown  in  Figures  2 
through  A.  The  range  presented  at  each  level  is  two  standard  deviations  ci 
the  average  level  found.  A  graphic  presentation  of  the  standard  deviation, 
coefficient  of  variation,  and  percent  inaccuracy  for  the  determination  of 
RDX,  DNT,  and  TNT  in  muscle/fat  samples  is  given  in  Figures  5  through  7, 
respectively.  Representative  HPLC  chromatograms  are  shown  for  a  muscle/fat 
sample  blank  (Figure  8),  a  100  ng/2  g  (Figure  9),  and  a  1,000  ng/2  g  (Figure 
10)  each  compound  muscle/fat  sample.  The  raw  data  and  calcualtions  for  the 
muscle/fat  sample  determinations  are  given  in  Tables  9  through  12  in  the 
Appendix. 


7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  RDX,  DNT,  and  TNT  in  muscle/fat 
samples  (Tables  2,  3,  and  A)  by  the  Hubaux  and  Vos  detection  limit  program 
was  made  at  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency.  The  results 
of  these  evaluations  are  given  in  Table  5  for  RDX,  Table  6  for  DNT,  and  Table  1 
for  TNT.  The  data  obtained  for  the  blank  muscle/fat  samples  were  not  included 
in  any  of  the  calculations.  Detection  limits  for  RDX  and  DNT  as  determined 
by  the  program  were  62  and  66  ng/g,  respectively,  when  the  1,000  and  500 
ng/g  data  points  were  omitted.  For  TNT,  the  detection  limit  wa3  62  ng/g 
when  the  1,000  ng/g  data  points  were  omitted.  Removal  of  the  500  ng/g  data 
points  from  the  TNT  detection  limit  calculation  resulted  in  a  detection  limit 
below  the  lowest  target  concentration,  50  ng/g.  The  average  nanograms  per 
gram  value  found  at  each  level  for  each  compound  was  determined  from  the 
linear  regression  for  the  A0  data  points  (blank  samples  omitted)  and  the 
nanograas  per  gram  added  at  that  level.  The  standard  deviation  and  percent 
imprecision  (coefficient  of  variation)  at  each  level  were  calculated  based 
on  this  average  n&nograms  per  gram  value  found.  Thus,  these  values  and  the 


values  given  in  Tables  2,  3,  and  4  for  these  terms  (based  on  the  average  of 
the  eight  assays  at  each  level)  are  not  comparable.  The  percent  inaccuracy 
term  was  calculated  from  the  average  of  the  eight  data  points  at  each  level , 
and  thus  agrees  closely  with  the  values  in  Tables  2,  3,  and  4. 
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HPLC  Condition 


■■■I 


Column:  Spherisorb  ODS,  5  y, 
250  z  4.6  am  ID 
Eluent:  30X  acetonitrile  in 
IX  acetic  in  water 
Flow  Rate:  1.5  ml/mln 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  am 


IS 


II 


Si 


rnple  Characteristics 

Concentrations:  RDX,  DNT,  TNT, 
and  tetryl  -  500  ng/ml; 

IS  -  1,000  ng/ml 
Injection  volume:  70  yl 
Attenuation:  0.01  X 


Retention  Indices 


Retention 

Volume 


Retention 

Time 


Figure  1  -  HPLC  Separation  of  RDX,  DNT,  TNT,  and  Tetryl 
SAKMS  and  Propiophenone  (IS) 
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HPLC-UV  DETERMINATION  OF  RDX  IN  MUSCLE /FAT  SAMPLES 


TABLE  3 


Not  detectable,  less  than  10  ng/g. 


HPLC-UV  DETERMINATION  OF  TNT  IN  MUSCLE/FAT  SAMPLES 


ram  RDX  Found 


Figure  2  -  Determination  of  RDX  In  Muscle/Fat  Samples 
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Nanogram/Gram  Found 


169 


Concentration  (n^/g)  RDX,  DNT,  and  TNT  Added  to  Muscle/Tat  Samples 


RDX 


r 


HPLC  Conditions: 

Column;  Spherisorb  ODS,  5  p, 
250  x  4.6  mm  ID 
Eluent:  28%  acetonitrile  in 
1%  acetic  acid  in  water 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in/rain 
Detector:  UV,  254  nm 


Sample  Characteristics: 


2.0  g  muscle/fat  extracted 
with  6  ml  and  then  3  ml 
acetonitrile.  Acetonitrile 
concentrated  to  about  250  pi 
and  then  diluted  to  1.0  ml 
with  IS  stock  and  water. 


IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


Figure  8  -  HPLC  Analysis  of  Blank  Muscle/Fat  Sample  for  RDX,  DOT,  and  TOT 
Method  Development.  "X"  indicates  eluent  change  to  100%  acetonitrile. 
Arrows  indicate  elution  position  of  RDX,  DOT,  and  TOT. 
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HPLC  Condi tious: 


In.1  15  30  45  nl 

10  20  30  Tin 


Column:  Spherisorb  ODS,  5  p, 

250  x  4.6  m  ID 
Eluent:  28X  acetonitrile  in 
IX  acetic  acid  In  water 
Plow  Rate:  1.5  ml/tnin 
Chart  Speed:  0.1  in/min 
Detector:  UV,  254  nm 

Sample  Characteristics: 

2.0  g  muscle/fat  containing 
50  ng/g  RUX,  DNT,  and  TNT 
extracted  with  6  ml  and  then 
3  ml  acetonitrile.  Acetonitrile 
concentrated  to  about  250  pi 
and  then  diluted  to  1.0  ml 
with  IS  stock  and  water. 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


Figure  9  -  HPLC  Analysis  of  Muscle/Pat  Sample  Containing  50  ng/g  RDX,  DNT.  and  TNT. 

"X"  indicates  eluent  change  to  100Z  acetonitrile. 
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HPLC  Conditions: 


Column:  Spherisorb  ODS,  5  u, 

250  x  4.6  mm  ID 
Eluent:  282  acetonitrile  in 
12  acetic  acid  in  water 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in/min 

IS  Detector:  UV,  254  nm  , 

(  Sample  Cnaracteristlcs 


DNT 


2.0  g  musr.le/fat  containing 
500  ng/g  RDX,  DNT,  and  TNT 
extracted  with  6  ml  and  then 
3  ml  acetonitrile.  Acetonitrile 
concentrated  to  about  250  pi 
and  then  diluted  to  1.0  ml 
with  IS  stock  and  water. 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


i - 1 - 1 - 1 - 5 - 1 - 1 - r 

Inj  If  30  45  nl 

10  20 .  30  min 

Figure  10  -  HPLC  Analysis  of  Muscle/Fat  Sample  Containing  500  ng/g  RDX,  DNT,  and  TNT 
"X"  indicates  eluent  change  to  1002  acetonitrile. 
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STATISTICAL  EVALUATION  OF  RDX  IN  MUSCLE/FAT  SAMPLE  DATA  BY 
THE  HUBAUX  AND  VOS  DETECTION  LIMIT  PROGRAM 
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METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF 
RDX,  DNT,  AND  TNT  IN  MUSCLE/FAT  SAMPLES 

RAW  DATA  AND  CALCULATIONS 
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LINEARITY  AND  PRECISION.  OF  RDX,  DMT,  AND  TNT  DETERMINATION 
BY  HIGH  PERFORMANCE  LIQUID  CHROMATOGRAPHY 
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TABLE  8  (concluded) 


Relative  Weight  Response 


Relative 

Standard  Standard 

Average  Deviation  Deviation 


RDX 

0.95 

±  0.05 

DNT 

1.07 

±  0.05 

TNT 

0.89 

±  0.04 

5.2% 

4.9% 

5.1% 
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standard  (IS),  propiophenone,  have  the  following  retention  characteristics: 
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Abstract  (concluded) 

RDX,  15  ml,  10  min;  IS  -  28.5  ml,  19  min;  DNT  -  37.5  ml,  25  min;  and  TNT  - 
[  39  ml,  26  min  (slight  changes  in  the  retention  indices  occurs  with  a  fresh 
eluent  or  a  change  of  columns)  and  are  detected  at  254  nro.  Reference  solu¬ 
tions  of  the  munition  compounds  from  100  to  2,00  ng/ml  gave  a  linear  response 
and  an  HPLC  peak  was  detected  and  quantifiable  when  3  ng  of  analyte  were  in¬ 
jected  on  column.  The  animal  liver  samples  were  prepared  by  first  homogeniz¬ 
ing  the  matrix  to  obtain  a  uniform  sample.  Then,  a  1.0-g  liver  sample  was 
weighed,  mixed  with  1.0  ml  10%  sodium  chloride  containing  1%  acetic  acid, 
and  extracted  with  3  x  4  ml  toluene.  The  toluene  extract(s)  were  combined 
and  evaporated  to  dryness  at  room  temperature  under  a  stream  of  nitrogen. 

The  residue  vas  dissolved  in  500  pi  acetonitrile  containing  the  IS  (1,000 
ng/ml)  and  the  final  volume  adjusted  to  1.0  ml  with  high  purity  water.  After 
filtering  the  prepared  sample  through  a  0.45  M  Fluoropore  filter,  an  aliquot 
was  analyzed  by  HPLC.  The  analytical  method  was  evaluated  by  preparing  and 
analyzing  duplicate  liver  samples  containing  0,  50,  100,  200,  500  and  1,000 
ng/g  of  each  munition  compound  on  four  separate  days.  Linear  regression  of 
the  data  gave  the  following  equations  and  correlation  coefficients:  RDX,  y 
=  0.904x  +  107,  0.988;  DNT,  y  =  0.640x  -  1.9,  0.995;  and  TNT,  y  =  0.521x  - 
6.2,  0.989,  respectively.  The  average  coffficient  of  variation  and  average 
percent  inaccuracy  for  RDX,  DNT,  and  TNT  in  liver  samples  were  16%  +  74; 

11%  -  36;  and  15%  -  51,  respectively.  A  liver  component(s)  had  the  same 
retention  indices  as  RDX  and  interfered  with  the  quantification  of  RDX. 

This  HPLC  peak(s)  represented  an  average  of  113  ng/g  RDX  in  the  eight  blank 
liver  samples  analyzed.  No  interference  was  observed  at  the  elution  posi¬ 
tions  of  DNT  and  TNT.  A  statistical  evaluation  of  the  data  by  the  Hubaux 
and  Vox  detection  limits  program  gave  detection  limits  of  58  ng/g  for  RDX, 

50  ng/g  for  DNT,  and  50  ng/g  for  TNT  for  the  HPLC  determination  of  these 
compounds  in  animal  liver  samples.  However,  the  58  ng/g  detection  limit  for 
RDX  is  unrealistic  because  the  blank  liver  samples  contained  a  component  at 
the  RDX  elution  position  which  represented  113  ±  18  ng/g  RDX.  Thus,  a  more 
representative  detection  limit  for  RDX  in  the  liver  matrix  is  150  ng/g. 
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Identification  or  Development  of  Chemical  Analysis  Methods 
for  Plant  and  Animal  Tissues 

METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF 
CYCLOTRIMETHYLENETRINITRAMINE  (RDX),  DINITROTOLUENE  (DNT) , 
AND  TRINITROTOLUENE  (TNT)  IN  ANIMAL  LIVER  SAMPLES 


1.  APPLICATION:  The  developed  method  is  for  the  quantitative 
determination  of  RDX,  DNT,  and  TNT  in  animal  liver  samples  using  high  per- 
formance  liquid  chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at 
254  nm. 

a.  Evaluated  Concentration  Range:  The  concentration  range 
of  RDX,  DNT,  and  TNT  studied  in  reference  solutions  and  in  liver  samples 
was  50  to  1,000  ng/g  (parts  per  billion,  ppb). 

b.  Sensitivity:  A  signal-to-noise  ratio  of  6  to  1  for  RDX 
(peak  height  (?H),  25  mo),  9  to  1  for  DNT  (PH,  40  mm),  and  8  to  1  for  TNT 
(PH,  30  mai)  was  obtained  with  an  injection  of  50  pi  of  a  100  ng/ml  solution 
of  each  compound  (ca.  5  ng  each  compound  on  column). 

c.  Detection  Limits:  58  ng/g  RDX,  50  ng/g  DNT,  and  50  ng/g 
TNT  using  the  Hubaux  and  Vos  detection  limit  program.  However,  the  blank 
liver  samples  had  a  component  which  co-eluted  with  RDX.  For  the  eight  blank 
liver  samples  analyzed,  this  component  represented  an  average  RDX  concentra¬ 
tion  of  113  ng/g  with  a  standard  deviation  of  ±  18  ng/g.  Thus,  a  more  repre¬ 
sentative  detection  limit  for  RDX  in  the  liver  matrix  is  150  ng/g  (the  average 
blank  value  plus  two  standard  deviations). 

d.  Interferences :  No  interfering  liver  components  were  found 
to  elute  with  the  same  retention  volume  as  DNT  or  TNT.  A  peak  eluted  with 
RDX  and  interfered  with  the  quantification  of  RDX  at  low  levels.  This  peak 
corresponded  to  greater  than  100  ng/g  RDX. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
was  40  min.  Two  reference  solutions  were  analyzed  prior  to  injecting  the 
prepared  samples,  and  two  were  analyzed  during  the  day  (160  min  total  time). 
Thus,  a  total  of  eight  prepared  liver  samples  (320  min  total  time)  can  be 
analyzed  during  an  8-hr  day. 
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2.  CHEMISTRY;  RDX  (CAS  Reg.  No.  121-82-4),  DNT  (CAS  Reg.  No. 
121-14-2),  and  TNT  (CAS  Reg.  No.  118-96-7)  are  of  intermediate  polarity  and 
have  limited  water  solubility.  They  have  good  solubility  in  polar  (methanol, 
acetonitrile)  and  intermediate  polarity  (toluene,  ethyl  acetate)  organic 
solvents.  The  UV  spectrum  of  these  munitions  indicates  that  each  has  a 
sufficient  UV  chromcphore  at  254  nm  to  allow  UV  detection  and  quantitation. 

3.  APPARATUS: 

a.  Instrumentation:  A  Waters  isocratic  liquid  chromato¬ 
graphic  system  consisting  of  a  Model  6Q00A  pump,  Model  U6K  injector,  and 
Model  440  UV  detector.  A  general  purj  jse  centrifuge  (Dynac,  Clay  Adams 
0101)  with  a  24-place  head. 

b.  HPLC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  p ,  250  x  4.6  mm  ID. 

2.  Eluent:  28%  acetonitrile  in  1%  acetic  acid  in  water. 

3.  Flow  rate:  1.5  ml/min. 

4.  Detector:  UV,  254  nm. 

5.  Internal  standard:  propiophenone,  500  ng/ml. 

6.  Injection  volume:  50  to  100  pi. 

7.  Retention  volumes  and  times:  RDX,  15  ml,  10  min; 

DNT,  37.5  ml,  25  min;  TNT,  42  ml,  28  min;  IS, 

28.5  ml,  19  min.  NOTE:  Slight  changes  in  the 
retention  indices  may  occur  with  fresh  eluent  or 
a  change  in  columns. 

A  representative  HPLC  chromatogram  for  RDX,  DNT,  and  TNT  is 
shown  in  Figure  1.  Also  included  on  the  chromatogram  are  peaks  for  an  in¬ 
ternal  standard  (propiophenone)  and  2,4,5-trinitrophenylmethylnitramine 
(tetryl)  (CAS  Reg.  No.  479-45-8). 

c.  Laborato-y  Glassware  and  Equipment: 

1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Volumetric  flasks  (100  ml). 

3.  Volumetric  syringes  (0-100  pi,  0-500  pi,  and  0- 

1,000  pi). 

4.  Automatic  pipetter  (0-5  ml). 

Six-speed  Waring-type  blender  with  glass  container. 
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6.  Teflon-glass,  motor-driven  tissue  hornogenizer . 

7.  Filtering  apparatus  including  filter  holders,  5-ml 

disposable  syringes,  and  0.45  p  Fluoropore  filters. 

8.  Inert  gas  (nitrogen)  drying  train  with  12  ports. 

d .  Chemicals :  j 

1.  Toluene  anli  acetonitrile,  "Distilled  in  Glass"  grade. 

2.  Acetic  acid  and  sodium  chloride,  ACS  grade. 

3.  High  purity  water  from  a  Milli-Q  water  purification 

system. 

4.  RDX,  DPT,  and  TNT  SARMs,  obtained  from  the  U.S.  Army 

Toxic  and  Hazardous  Materials  Agency. 

5.  Propiophenone  (internal  standard),  analytical  grade. 

4.  STANDARDS: 

a.  Stock:  Weigh  approximately  20  mg  of  TNT,  DNT,  RDX  and 
tetryl  SARM  or  interim  SARM  into  separate  100-ml  volumetric  flasks.  Dissolve 
each  compound  in  acetonitrile  and  dilute  to  volume.  The  concentration  of 
each  compound  is  200  pg/ml .  Quantitatively  pipette  20  ml  from  each  stock 
above  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  distilled 
water.  Concentration  of  each  compound  is  40  pg/ml. 

b.  Working:  Pipette  10  ml  of  the  40  pg/ml  of  each  compound 
stock  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  high  purity 
water.  Concentration  of  each  compound  is  4  pg/ml;  this  working  stock  was 
employed  in  the  precision  and  accuracy  evaluations  of  reference  solutions. 
Another  working  stock  of  2  pg/ral  was  prepared  by  diluting  5  ml  of  the  40 
pg/ml  each  compound  to  100  ml;  this  stock  was  utilized  for  adding  the  RDX, 
DNT,  TNT,  and  tetryl  to  the  liver  samples. 

Reference  solutions  were  prepared  from  this  stock  as  follows: 


pi  Working 

Stock 

pi  IS 

Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(ng/ml ) 

500 

500 

0 

2,000 

375 

500 

125 

1,500 

250 

500 

250 

1,000 

125 

500 

375 

500 

25 

500 

475 

100 

0 

500 

500 

0 

*  Preparation  of  IS  stock  given  in  "c"  below. 
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c.  Internal  Standard  Stock:  Weigh  10  mg  propiophenone  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml).  Quantitatively  pipette  10  ml  of  the  100  pg/ml  stock  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  10  pg/ml).  A  final  working  solution  of  2.0  pg/ml  is  prepared  by  pipet¬ 
ting  20  ml  of  the  10  pg/ml  stock  into  a  100-ml  volumetric  flask  and  diluting 
to  volume  with  acetonitrile. 

5.  PROCEDURES  FOR  LIVER  SAMPLE  DETERMINATION: 

a.  Liver  Sample  Preparation:  The  procedure  employed  to 
prepare  liver  samples  for  the  HPLC-UV  determination  of  RDX,  DNT,  and  TNT 
consisted  of: 


1.  Place  approximately  50  g  of  liver  into  a  Waring-type 
blender  and  blend  for  1  min  on  speed  six  (liquefy).  Note:  To  completely 
liquefy  the  liver  sample,  the  sides  of  the  glass  container  are  scraped  with 
a  spatula. 


2.  Transfer  approximately  10  g  of  the  liquefied  liver 
sample  to  a  motor-driven  Teflon-glass  homogenizer. 

3.  Homogenize  the  sample  for  30  sec  to  disrupt  the 
cell  walls  of  the  liver  sample.  Note:  The  homogenization  step  is  neces¬ 
sary  to  solubilize  the  intercellular  compounds  prior  to  the  extraction  step. 

4.  Repeat  steps  3  and  4  on  the  remaining  liquefied 
liver  samples  and  combine  the  homogenized  samples. 

5.  Accurately  weigh  twelve  1.0  g  homogenized  liver 
aliquots  into  culture  tubes  with  Teflon-lined  screw  caps. 

6.  Spike  two  each  of  the  homogenized  liver  aliquots 
with  the  working  stock  (2  pg/ml  each  RDX,  DNT,  and  TNT)  at  the  following 
levels:  1,000  ng  (500  pi);  500  ng  (250  pi);  200  ng  (100  pi);  100  ng  (50 
pi);  and  50  ng  (25  pi).  The  remaining  two  liver  aliquots  serve  as  liver 
sample  blanks.  All  samples  are  adjusted  to  a  total  volume  of  1.5  ml  with 
high  purity  water  containing  10%  acetonitrile. 

7.  Add  1.0  ml  of  a  10%  sodium  chloride  solution  con¬ 
taining  1%  acetic  acid  to  each  aliquot. 

8.  Mix  thoroughly  on  a  vortex  mixer. 

9.  Extract  the  liver  samples  with  4  ml  toluene 
("Distilled  in  Glass"  grade)  by  vortexing  for  at  least  2  min.  Note:  To 
obtain  optimal  extraction,  the  toluene  and  aqueous  liver  phase  must  be 
thoroughly  mixed;  if  separation  of  the  pnases  occurs  after  the  2-min  vor¬ 
texing,  mixing  has  not  been  complete  and  additional  vortexing  is  necessary. 


10.  Centrifuge  the  extraction  mixture  at  1,000  rpm  for 
20  ain  to  break  the  eaulaion.  Note:  If  20-min  centrifugation  does  not  pro¬ 
duce  two  distinct  layers,  continue  centrifuging  for  an  additional  20  min  or 
until  two  layers  fora. 


11.  Transfer  the  toluene  extracts  to  properly  labeled 
culture  tubes  with  Teflon-lined  screw  caps. 

12.  Repeat  the  toluene  extraction  (steps  9,  10,  and 
11)  twice  aore,  coabining  the  toluene  extracts  in  the  appropriate  tubes. 

13.  Evaporate  the  toluene  at  roost  tesrperature  under  a 
streaa  of  nitrogen.  NOTE:  Do  not  heat  the  samples  during  the  evaporation 
step,  or  loss  of  RDX,  DNT,  and  TNT  nay  occur.  Continue  evaporation  until 
toluene  has  been  cosipletely  removed  from  the  culture  tube. 

14.  Add  about  1.0  al  ethyl  acetate  to  each  liver  sample 
residue  and  vortex  aix  for  30  sec. 

15.  Evaporate  the  ethyl  acetate  at  room  temperature 
under  a  stream  of  nitrogen.  NOTE:  The  ethyl  acetate  aids  in  removing  the 
last  traces  of  toluene  from  the  liver  samples. 

16.  Dissolve  the  residues  in  250  pi  acetonitrile  and 
aix  thoroughly  by  vartexing  and  ultrasonication.  Note:  The  residue  must 
be  completely  suspended  in  the  acetonitrile  or  the  analytes  will  not  solu¬ 
bilize.  Ultrasonication  aids  in  this  process  by  breaking  the  residue  into 
sauller  particulates. 


17.  Add  250  pi  of  the  2  pg/al  IS  stock  (500  ng)  to  each 
extracted  liver  sample  and  aix  thoroughly  by  vortexing  and  ultrasonication. 

18.  Add  500  pi  high-purity  water  to  each  extracted  liver 
sample  and  aix  thoroughly.  NOTE:  Final  volume  of  the  prepared  samples  is 
1.0  al. 


19.  Filter  the  solutions  through  0.45-p  Fluoropore 
filters  into  culture  tubes.  Note:  If  the  filtrate  is  not  clear,  refilter 
through  another  0.45-p  filter.  The  filtration  step  is  necessary  to  remove 
particulate  aaterial  froa  the  sample  and  thus  prolong  the  usefulness  of  the 
analytical  column. 

20.  Analyze  a  50-  to  100-pl  aliquot  of  each  prepared 
liver  saaple  by  HPLC. 

21.  After  the  elution  of  the  TNT  peak,  wash  the  column 
for  3  ain  with  100%  acetonitrile  at  1.5  ml/min  to  remove  any  late  eluting 
cosq>ounds.  NOTE:  The  acetonitrile  wash  step  is  required  to  prevent  possible 
interference  in  the  chromatographic  analysis  of  the  n^xt  sample. 

22.  After  the  3-min  wash,  switch  the  system  back  to 
the  eluent.  Allow  approximately  7  min  for  equilibration  prior  to  the  next 
injection. 
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b.  Calibration;  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (RWR)  (Eq.  1)  of  each  compound  was  calculated  and  the  average  RWR 
utilized  to  determine  the  concentration  (ng/ml)  of  each  compound  in  every 
reference  solution  (Eq.  2).  The  concentrations  found  were  plotted  against 
the  concentrations  added,  and  a  linear  regression  evaluation  of  the  data 
was  conducted.  The  slope,  intercept,  and  correlation  coefficient  for  each 
compound  were  determined.  The  data  are  summarized  in  Table  1,  which  includes 
the  average  value  at  each  level  for  each  compound,  the  standard  deviation, 
coefficient  of  variation  (relative  standard  deviation),  and  the  percent  in¬ 
accuracy.  The  raw  data  and  calculations  are  given  in  Table  8  of  the  Appendix. 


RWR 


Peak  Height  Cpd  ng/ml  IS 
Peak  Height  IS  x  ng/ml  Cpd 


(Eq.  1) 


ng/ml  or  ng/g  compound  = 


Peak  Height  Cpd 
Peak  Height  IS 


x 


ng/ml  IS 
Avg .  RWR 


(Eq.  2) 


c.  Liver  Sample  Analysis:  The  liver  samples  prepared  as 
outlined  in  Section  5. a  were  injected  onto  the  HPLC  system.  The  peak  height 
of  each  compound  was  measured  and  recorded.  Liver  samples  were  prepared 
and  analyzed  on  four  separate  days. 

6.  CALCULATION :  The  concentration  (nanograms  per  gram)  of  each 
compound  in  the  liver  samples  was  determined  using  the  relative  weight  re¬ 
sponse  to  an  internal  standard  method.  The  RWR  values  (Eq.  1)  for  the  refer¬ 
ence  solutions  analyzed  with  a  day's  set  of  liver  samples  were  calculated, 
and  the  average  values  for  RDX,  DNT,  and  TNT  were  determined.  These  RWR 
values  were  employed  to  calculate  the  liver  sample  level  of  each  compound 

by  Equation  2,  where  nanograms  per  gram  represents  the  concentration  found 
in  the  liver  sample.  The  results  for  the  duplicate  determinations  of  RDX, 
DNT,  and  TNT  in  liver  samples  at  five  different  levels  on  four  succeeding 
days  are  summarized  in  Tables  2,  3,  and  4.  The  average  concentration  found, 
the  standard  deviation,  coefficient  of  variation,  and  percent  inaccuracy 
are  also  included.  A  linear  regression  evaluation  of  the  results  was  made; 
the  slope,  intercept,  and  correlation  coefficient  are  given  in  the  tables. 

The  concentration  of  each  compound  found  in  the  liver  samples  was  plotted 
against  the  amount  added,  and  these  data  are  shown  in  Figures  2,  3,  and  4. 

A  graphic  presentation  of  the  standard  deviation,  coefficient  of  variation, 
and  percent  inaccuracy  for  the  determination  of  RDX,  DNT,  and  TNT  in  the 
liver  samples  is  given  in  Figures  5,  6,  and  7,  respectively.  Representative 
HPLC  chromtograms  are  shown  for  a  liver  sample  blank  (Figure  8),  a  100  ng/g 
liver  sample  (Figure  9),  and  a  500  ng/g  liver  sample  (Figure  10).  The  raw 
data  and  calculations  for  the  liver  sample  determinations  are  given  in  Tables 
9  to  12  in  the  Appendix. 

7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  RDX,  DNT,  and  TNT  in  liver  samples 
(Tables  2,  3,  and  4)  by  the  Hubaux  and  Vos  detection  limit  program  was  made 
at  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency.  The  results  of  these 
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evaluations  are  given  in  Table  5  for  RDX,  Table  6  for  DNT,  and  Table  ?  for 
TNT.  The  detection  limits,  as  determined  by  the  program,  were  58  ng/g  for 
RDX  when  the  1,000-  and  500-ng/g  data  points  were  omitted,  50  ng/g  for  DNT 
using  all  the  data  points,  and  50  ng/g  for  TNT  when  the  1,000-ng/g  data 
points  were  omitted.  The  average  nanograms  per  gram  value  found  at  each 
fortification  level  was  determined  from  the  1."  tear  regression  equation  for 
the  48  data  points  and  the  amount  of  analyte  added  at  that  level.  The 
standard  deviation  and  percent  imprecision  (coefficient  of  variation)  at 
each  level  were  calculated  based  on  this  average  (nanograms  per  gram)  value 
found.  Thus,  these  values  and  the  values  given  in  Tables  2,  3,  and  4  (based 
on  the  average  of  the  eight  assays  at  each  level)  are  not  comparable.  The 
percent  inaccuracy  term  was  calculated  from  the  average  of  the  eight  data 
points  at  each  level,  and  thus  agrees  with  the  values  in  Tables  2,  3,  and 
4. 
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10  20  min 


HPLC  Conditions 

Column:  Spherisorb  ODS,  5  y, 
250  z  4.6  sm  ID 
Eluent:  302  acetonitrile  in 
11  acetic  in  water 
Flow  Rate:  1.5  ml /min 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  nm 


Sample  Characteristics 

Concentrations:  RDX,  DNT,  TNT, 
and  tetryl  -  500  ng/ml; 

IS  -  1,000  ng/ml 
Injection  volume:  70  yl 
Attenuation:  0.01  X 


Retention  Indices 


Compound 

Retention 

Volume 

(ml) 

Retention 

Time 

(min) 

RDX 

13.5 

9 

IS 

22.5 

15 

DNT 

31.5 

21 

TNT 

34.5 

23 

tetryl 

39 

26 

-  Figure  1  -  HFLC  Separation  of  RDX,  DNT,  TOT,  and  Tetryl 
SARMS  and  Propiophenone  (IS) 
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TABLE  2 

HPLC-UV  DETERMINATION  OF  RDX  IN  LIVER  SAMPLES 


Hot  detectable,  less  than  20  ng/g. 


HPLC-UV  DETERMINATION  OF  TNT  IN  LIVER  SAMPLES 


Nanograms/  Gram  RDX  Found 


1000 


800 


600 


400 


200 


Linear  Regression 
y  =  0.904x  +  107 
Correlation  Coefficient 
0.988 


0« _ I _ I _ I _ I _ I _ I 

0  200  400  600  800  1000 

Nanograms/ Gram  RDX  Added 


Figure  2  -  Determination  of  RDX  in  Animal  Liver  Samples 
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600 


Figure  4  - 


Linear  Regression 
y  *  0.521  x  -  6.2 
Correlation  Coefficient 
0.989 


__J _ I _ I _ I 

400  600  800  1000 

sgrams/ Gram  TNT  Added 


at  ion  of  TNT  in  Animal  Liver  Samples 
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214 

Concentration  (ng/g)  RDX,  DNT,  and  TNT  Added  to  Liver  Samples 


HPLC  Conditions: 

Column:  Spherlsorb  ODS,  5  u, 

250  x  4.6  am  ID 
Eluent:  28Z  acetonitrile  in 
1Z  acetic  acid 
Flow  Kate:  1.5  ml/min 
Chart  Speed:  0.1  ln/mln 
Detector:  UV,  254  nm 

Sample  Characteristics: 

1.0  x  liver  extracted  3  x  4  ml 
with  toluene.  Extract  evaporated  to 
dryness  and  residue  reconstituted 
with  1.0  *1  HPLC  eluent. 

IS  Concentration:  500  ng/tal 
Injection  Volume:  70  ul 
Attenuation:  0.005  X 


1 - 1 - 1 - I - 1 - 1 - — I 

Inj  15  30  45  ml 

10  20  30  ain 


Figure  8  -  HPLC  Analysis  of  Blank  Liver  Samples  for  RDX,  DNT,  and  TNT 
Method  Development.  "X"  indicates  a  toluene  contaminant. 

Arrows  indicate  the  elution  position  of  RDX,  DNT,  and  TNT. 
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Inj  15  30  45  ml 

10  20  30  min 


HPLC  Conditions: 

Column:  Spherisorb  ODS,  5  p, 

250  x  4.6  mm  ID 
Eluent:  282  acetonitrile  in 
12  acetic  acid 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  ln/min 
Detector:  UV,  254  nm 

Sample  Characteristics: 

1.0  g  liver  containing  100  ng/g 
RDX,  DNT,  and  TNT  extracted  3  x  4  ml 
with  toluene.  Extract  evaporated  to 
dryness  and  residue  reconstituted  in 
1.0  ml  HPLC  eluent. 

IS  Concentration:  500  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.005  X 


Figure  9  -  HPLC  Analysis  of  Animal  Liver  Sample  Containing  100  ng/g  RDX, 
DNT,  and  TNT.  "X"  indicates  toluene  contaminants.  Arrows  show 
HPLC  peaks  for  RDX  (and  co-eluting  compound),  DNT,  and  TNT. 


HPLC  Conditions: 


Column:  Spherlsorh  ODS,  5  u, 

250  x  4.6  m  ID 
Eluent:  28Z  acetonitrile  in 
1Z  acetic  acid 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in/min 
Detector:  0V,  254  na 

Sample  Characteristics: 

1.0  g  liver  containing  500  ng/g 
RDX,  DNT,  and  TNT  extracted  3  x  4  ml 
with  toluene.  Extract  evaporated  to 
dryness  and  residue  reconstituted 
with  1.0  ml  HPLC  eluent. 

IS  Concentration:  500  ng/ml 
Injection  Volume:  70  yl 
Attenuation:  0.005  X 


Figure  10  -  HPLC  Analysis  of  Animal  Liver  Sample  Containing  500  ng/g  RDX,  DNT, 
and  TNT.  "X"  indicates  toluene  contaminant.  Arrows  show  HPLC  peaks  for 
RDX  (and  co-eluting  compound),  DNT,  and  TNT. 
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LINEARITY  AND  PRECISION  OF  RDX,  DNT,  AND  TNT  DETERMINATION 
BY  HIGH  PERFORMANCE  LIQUID  CHROMATOGRAPHY 
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TABLE  8  (concluded) 


Relative  Weight  Response 


Relative 

Standard  Standard 

Average  Deviation  Deviation 


RDX 

0.95 

±  0.05 

DNT 

1.07 

±  0.05 

TNT 

0.89 

±  0.04 

5.2% 

4.9% 

5.1% 
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METHODS  FOR  PLANTS  AND  ANIMAL  TISSUES 
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Midwest  Research  Institute 
Analytical  Chemistry  Department 
Kansas  City,  Missouri  64110 

for 

U.S.  Army  Armament  Research  and  Development  Command 
Aberdeen  Proving  Ground  (Edgewood  Area) 

Maryland  21010 

Contract  No.  DAAK11-79-C-0110 

Identification  or  Development  of  Chemical  Analysis  Methods 
for  Plant  and  Animal  Tissues 


METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF  PENTAERYTHR I TOL 
TETRANITRATE  (PETN)  IN  PLASMA 


1.  APPLICATION:  The  developed  method  is  for  the  quantitative 
determination  of  PETN  in  animal  plasma  samples  using  high  performance  liquid 
chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at  215  nm. 

a.  Evaluated  Concentration  Range:  The  concentration  range 
of  PETN  studied  in  plasma  samples  and  reference  solutions  corresponded  to 
50  to  1,000  ng/ml  (parts  per  billion,  ppb). 

b.  Sensitivity:  A  signal-to-noise  ratio  of  3  to  1  for  PETN 
was  obtained  with  an  injection  of  100  pi  of  a  50  ng/ml  reference  solution 
(ca.  5  ng  PETN  on  column).  The  100-pl  injection  of  a  50  ng/ml  PETN  solu¬ 
tion  gave  a  PETN  peak  height  of  6  an. 

c.  Detection  Limits:  The  detection  limit  for  PETN  in  plasma 
was  determined  to  be  50  ng/ml  using  the  Hubaux  and  Vos  detection  limit  program. 

d.  Interferences :  No  interfering  plasma  components  were 
found  to  elute  with  the  same  retention  volumes  as  PETN  or  the  IS. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
was  35  min.  Two  reference  solutions  were  analyzed  prior  to  injecting  the 
prepared  samples  and  two  were  analyzed  during  the  day  (140  min  total  time). 
Thus,  a  total  of  nine  prepared  plasma  samples  (315  min)  can  be  analyzed 
during  an  8-hr  day. 

2.  CHEMISTRY:  PETN  (CAS.  Reg.  No.  4792-15-8)  has  limited  solu¬ 
bility  in  water  and  polar  organic  solvents;  however,  it  has  good  solubility 
in  intermediate  polarity  (acetone,  benzene)  and  nonpolar  (hexane)  solvents. 

The  UV  spectrum  of  PETN  shows  an  absorption  maximum  at  215  nm  with  little 
absorbance  at  254  nm. 
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3.  APPARATUS: 


a.  Inst ruaentat ion:  The  iaocrati.:  HFLC  instrument  utilized 
during  thi3  study  consisted  of  a  Waters  Model  6000A  pump,  Waters  Model  U6K 
injector,  and  a  Varian  Model  Vista  UV-50  variable  wavelength  detector.  Dur 
ing  extraction,  samples  were  centrifuged  in  a  general  purpose  centrifuge 
(Dynac,  Clay  Adams  0101)  with  a  24-place  head. 

b.  HPLC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  p,  2S0  x  4.6  mm  ID. 

2.  Eluent:  40%  acetonitrile  in  high  purity  water. 

Note:  The  eluent  must  be  helium  degassed  since 
oxygen  interferes  at  215  nm;  also,  the  use  of 
acetic  acid  or  other  modifiers  is  not  recommended 
since  they  absorb  at  215  nm. 

3.  Flow  rate:  1.5  ml/min. 

4.  Detector:  UV,  215  nm. 

5.  Internal  standard:  Valerophenone,  500  ng/ml. 

6.  Injection  volume:  100  pi. 

7.  Retention  volumes  and  times:  PETN,  42  ml  and  28 
min ; 

IS,  34.5  ml  and  23  min.  Note:  Slight  changes  in 
the  retention  indices  may  occur  with  fresh  eluent 
or  a  change  in  columns. 

A  representative  HPLC-UV  (215  nm)  chromatogram  for  PETN  and 
the  IS  is  shown  in  Figure  1. 

c.  Laboratory  Glassware  and  Equipment: 

1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Volumetric  flasks  (100  ml). 

3.  Volumetric  syringes  (0-100  pi,  0-500  pi,  and 

0-1,000  pi). 

4.  Automatic  pipetter  (0-5  ml). 

5.  Filtering  apparatus  including  filter  holder,  5-ml 

disposable  syringes,  and  0.45  p  Fluoropore  filters 

6.  Inert  gas  (nitrogen)  drying  train  with  12  ports. 

7.  Inert,  gas  (helium)  degassing  train. 
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d.  Chemicals: 


1.  Acetonitrile  and  hexane,  "Distilled  in  Glass"  grade. 

Note:  Organic  solvents  of  lesser  grade  should  not 
be  used;  they  may  have  trace  contaminants  which 
will  interfere  with  PETN  determination. 

2.  Acetic  acid  and  sodium  chloride,  ACS  grade. 

3.  High  purity  water  from  a  Milli-Q  water  purification 

system.  Note:  Water  of  lesser  quality  may  contain 
trace  organic  impurities  which  may  interfere  with 
PETN  determination. 

4.  PETN  SARM,  obtained  from  the  U.S.  Army  Toxic  and 

Hazardous  Materials  Agency. 

5.  Valerophenone  (internal  standard),  analytical  grade. 

4.  STANDARDS: 

a.  Stock:  Weigh  approximately  20  mg  PETN  SARM  or  interim 
SARM  into  a  100-ml  volumetric  flask  and  record  weight.  Dissolve  the  PETN 
in  acetonitrile  and  dilute  to  volume  (concentration  of  PETN  is  200  pg/ml). 
Quantitatively  pipette  20  ml  of  the  200  pg/ml  stock  into  a  100-ml  volumetric 
flask  and  dilute  to  volume  with  high  purity  water  (concentration  of  PETN  is 
40  pg/ml). 


b.  Working:  Pipette  10  ml  of  the  40  pg/ml  stock  into  a 
100-ml  volumetric  flask  and  dilute  to  volume  with  10%  acetonitrile  in  high 
purity  water.  The  concentration  of  PETN  is  4  pg/ml. 

Reference  solutions  of  PETN  were  prepared  from  this  stock  as 

follows: 


pi  Working 

Stock 

pi  IS 

Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 

PETN 

(ng/ml) 

500 

500 

1,000 

1,000 

250 

500 

1,250 

500 

100 

500 

1,400 

200 

50 

500 

1,450 

100 

25 

500 

1,475 

50 

0 

500 

1,500 

0 

*  Preparation  of 

IS  stock  given 

in  "c"  below. 
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c.  Internal  Standard  Stock:  Weigh  10  ag  valerophenone  into 
a  100-al  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml).  Quantitatively  pipette  10  ml  of  the  100  pg/ml  stock  into 
a  100-al  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  10  pg/ol).  A  final  working  IS  solution  of  1,000  ng/al  is  prepared  by 
pipetting  10  al  of  the  10  pg/ml  stock  into  a  100-al  volumetric  flask  and 
diluting  to  volume  with  acetonitrile. 

5.  PROCEDURE  FOR  PLASMA  SAMPLE  DETERMINATIONS: 

a.  Plasma  Sample  Preparation:  The  procedure  employed  to 
prepare  plasma  samples  for  the  HPLC-UV  (215  nm)  determination  of  PETN  con¬ 
sisted  of: 

1.  Quantitatively  pipette  twelve  (12)  2.0  al  plasma 

aliquots  into  culture  tubes  with  Teflon-lined 
screw  caps. 

2.  Spike  two  each  of  the  plasma  aliquots  with  the  PETN 

working  stock  (4  pg/ml)  at  the  following  levels: 

2,000  ng  (500  pi),  1,000  ng  (250  pi),  400  ng  (100  pi), 
200  ng  (50  pi),  and  100  ng  (25  pi).  The  remaining 
two  plasma  aliquots  serve  as  plasma  sample  blanks. 
Adjust  all  samples  to  a  final  volume  of  2.5  ml  with 
high  purity  water  containing  10%  acetonitrile. 

3.  Add  2  al  of  a  20%  sodium  chloride  solution  containing 

1%  acetic  acid  to  each  aliquot. 

4.  Mix  thoroughly  on  a  vortex  aixer. 

5.  Extract  the  plasma  samples  with  5  al  hexane 

("Distilled  in  Glass"  grade)  by  hand  mixing  about 
15  times.  Note:  Extensive  mixing  or  vortexing 
aay  result  in  an  emulsion  which  is  difficult  to 
break. 


6.  Centrifuge  the  samples  at  1,000  rpa  for  20  ain. 

7.  Transfer  the  hexane  extracts  to  properly  labeled 

culture  tube  with  Teflon-lined  screw  caps. 

8.  Repeat  the  hexane  extraction  (steps  5  and  6)  twice 

aore,  coabining  the  hexane  extracts  in  the  appro¬ 
priate  tubes. 

9.  Evaporate  the  hexane  at  room  teaperature  under  a 

stream  of  nitrogen.  Note:  Do  not  heat  the  extracts 
during  the  evaporation  step  or  loss  of  PETN  may 
occur.  Continue  evaporation  until  the  hexane  has 
been  completely  removed  froa  the  culture  tube. 


10.  Dissolve  the  residue  in  500  pi  acetonitrile  contain¬ 

ing  500  ng  IS  (IS  working  stock  solution)  and  mix 
thoroughly  by  vortexing. 

11.  Add  500  pi  high  purity  water  to  each  extracted  plasma 

sample  and  mix  thoroughly.  Note:  Final  volume  of 
the  prepared  samples  is  1.0  ml. 

12.  Filter  the  prepared  samples  through  0.45  p  Fluoropore 

filters  into  culture  tubes.  Note:  The  filtration 
step  removes  undissolved  particulate  matter  from 
the  samples  and  thus  prolongs  the  life  of  the  HPLC 
analytical  column. 

13.  Analyze  a  100-pl  aliquot  of  each  prepared  plasma 

sample  by  HPLC. 

14.  After  the  elution  of  the  PETN,  inject  200  pi  aceto¬ 

nitrile  onto  the  system  to  remove  any  late  eluting 
compounds.  Note:  The  acetonitrile  wash  step  is 
required  to  prevent  possible  interference  in  the 
chromatographic  analysis  of  the  next  sample. 

b.  Calibration:  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (Eq.  1)  of  PETN  was  calculated  for  each  solution  and  the  average 
RWR  utilized  to  determine  the  nanograms  per  milliliter  of  PETN  in  every 
solution  (Eq.  2).  The  nanograms  per  milliliter  found  were  plotted  against 
the  nanograms  per  milliliter  added,  and  a  linear  regression  evaluation  of 
the  data  was  conducted.  The  slope,  intercept,  and  correlation  coefficient 
were  determined.  The  data  are  summarized  in  Table  1,  which  also  presents 
the  average  value  at  each  PETN  level,  the  standard  deviation,  coefficient 
of  variation  (relative  standard  deviation),  and  percent  inaccuracy.  The 
raw  data  and  calculations  are  given  in  Table  4  of  the  Appendix. 


_  Peak  Height  PETN  ng/ml  IS  (Eq.  1) 

Peak  Height  IS  X  ng/ml  PETN 


ng/ml  or 


_ “8 _ 

plasma  aliquot 


Peak  Height  PETN  ng/ml  IS 
Peak  Height  IS  x  Avg.  RWR 


(Eq.  2) 


c.  Plasma  Sample  Analysis:  The  plasma  samples  prepared  as 
outlined  in  Section  5. a  were  injected  onto  the  HPLC  system.  The  peak  heights 
of  PETN  and  the  IS  were  measured  and  recorded.  Plasma  samples  were  prepared 
and  analyzed  on  four  separate  days. 


6.  CALCULATION:  The  nanograms  PETN  per  milliliter  of  plasma  in 

the  prepared  satrples  was  determined  using  the  relative  weight  response  to 
an  internal  standard  method.  The  RWR  values  (Eq.  1)  for  PETN  reference 
solutions  analyzed  with  a  day's  set  of  plasma  samples  were  calculated  and 
averaged.  The  nanograms  PETN  per  plasma  aliquot  was  determined  by  Equation 
2  and  the  nanograms  per  milliliter  PETN  calculated  by  dividing  the  nanograms 

per  aliquot  by  the  plasma  sample  volume  (2.0  ml).  The  results  for  the  du¬ 

plicate  determinations  of  PETN  in  plasma  samples  at  five  different  levels 

on  four  separate  days  are  summarized  in  Table  2.  The  average  level  found, 
the  standard  deviation,  coefficient  of  variation,  and  percent  inaccuracy 
are  also  included.  A  linear  regression  evaluation  of  the  data  was  made; 

the  slope,  intercept,  and  correlation  coefficient  are  given  in  the  table. 

Figure  2  presents  the  plot  of  the  nanograms  per  milliliter  PETN  found 
against  the  nanograms  per  milliliter  added;  the  range  shown  at  each  level 
represents  two  standard  deviations  from  the  average  value  at  that  level.  A 
graphic  presentation  of  the  standard  deviation,  coefficient  of  variation, 
and  percent  inaccuracy  for  the  determination  of  PETN  in  plasma  is  given  in 
Figure  3.  Representative  HPLC-UV  (215  nm)  chromatograms  are  shown  for  a 
plasma  sample  blank  (Figure  4),  a  100  ng  PETN/ml  plasma  sample  (Figure  5), 
and  a  500  ng  PETN/ml  plasma  sample  (Figure  6).  The  raw  data  and  calcula¬ 
tions  for  the  plasma  sample  PETN  determinations  are  given  in  Tables  5  to  8 
in  the  Appendix. 

7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  PETN  in  plasma  samples  (Table  2) 
by  the  Hubaux  and  Vox  detection  limit  program  was  made  at  the  U.S.  Army  Toxic 
and  Hazardous  Materials  Agency.  The  results  of  this  evaluation  are  given 

in  Table  3.  The  detection  limit  for  PETN  in  plasma  as  determined  by  the 
program  was  50  ng/ml.  The  linear  regression  equations  presented  in  Table  3 
were  generated  using  all  the  plasma  samples,  the  blank  plasma  samples  and 
the  plasma  with  PETN  added.  The  average  nanograms  per  milliliter  value  at 
each  level  was  calculated  from  the  48-point  linear  regression  equation  and 
the  nanograms  per  milliliter  added  at  that  level.  The  standard  deviation 
and  percent  imprecision  (coefficient  of  variation)  at  each  level  were  cal¬ 
culated  based  on  this  average  nanograms  per  milliliter  value  found.  Thus, 
these  values  and  the  values  given  in  Table  2  (based  on  the  average  of  the 
eight  assays  at  each  level)  are  not  comparable.  The  percent  inaccuracy 
terms  in  Tables  2  and  3  were  calculated  from  the  average  of  the  eight  data 
points  at  each  level  and  thus  agree  closely. 
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HPLC  Condit lone 


Column:  Spherisorb  ODS,  5  u, 

250  x  4.6  tnra  ID 
Eluent:  402  acetonitrile  In 
high  purity  water 
Flow  Rate:  1.5  ml/mln 
Detector:  UV,  215  nm 

Reference  Solution  Characteristics 


Concentrations:  PETN  -  500  ng/ml; 

IS  -  500  ng/ml 
Injection  Volume:  100  ul 
Attenuation:  0.005X 

Retention  Indices 


Retention 

Retention 

Volume 

Time 

Compound 

(ml) 

(min) 

IS 

34.5 

23 

PETN 

42 

28 

Figure  1  -  HPLC-UV  (215  nm)  Separation  of  PETN  SARM  and  Valerophenone  (IS). 
"X"  indicates  a  contaminant  in  the  PETN  reference  solution  stock. 
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Not  detectable,  less  than  25  ng/nl 


HPLC  Conditions 


IS 


PETN 


T{| - 1 - 1 - 1 - 1 - 1 - J- 

Inj  15  30  45  nl 

10  20  30  min 


Column:  Spherlsorb  ODS,  5  ii, 

250  x  4.6  era  ID 
Eluent:  40Z  acetonitrile  In 
high  purity  water 
Flow  Eate:  1.5  ml/min 
Detector:  UV,  215  ran 

Sample  Characteristics 

2.0  ml  plasma  extracted  with 
3  x  5  ml  hexane.  Hexane  evaporated 
and  sample  reconstituted  to  1.0  ml. 

IS  Concentration:  500  ng/ml 
Injection  Volume:  100  pi 
Attenuation:  0.005X 


Figure  4  -  HPLC  Analysis  of  Blank  Plasma  Sample  for  PETN  Method 
Development.  Arrow  indicates  PETN  elution  position. 
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HPLC  Conditions 

Column:  Spherlsorb  ODS,  5  y , 

250  x  A. 6  mm  ID 
Eluent:  40Z  acetonitrile  In 
high  purity  water 
Plow  Rate:  1.5  ml/min 
Detector:  UV,  215  nm 

Sample  Characteristics 

2.0  ml  plasma  containing  100  ng/ml 
PETN  extracted  3  x  5  ml  with  hexane. 
Hexane  evaporated  and  sample  recon¬ 
stituted  to  1.0  ml. 

IS  Concentration:  500  ng/ml 
Injection  Volume:  100  yl 
Attenuation:  0.005X 


Figure  5  -  HPLC  Analysis  of  Plasma  Containing  100  ng/ml  PETN 
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HP1-C  Conditions 


Column;  Spherisorb  ODS,  5  p, 
250  x  4.6  mm  ID 
Eluent:  402  acetonitrile  In 
high  purity  water 
Flow  Rate:  1.5  ml/oin 
Detector:  0V,  215  no 

Sample  Characteristics 


2.0  ml  plasma  containing  500  ng/ml 
PETN  extracted  3  x  5  ml  with  hexane. 
Hexane  evaporated  and  sample  recon¬ 
stituted  to  1.0  ml. 

IS  Concentration:  500  ng/ml 
Injection  Volume;  100  ul 
Attenuation:  0.005X 


t - r 

30 

20 


t - r~ 

45  nl 
30  min 


HPLC  An.ljt.1.  of  Pa„„  Containing  500  ng/nl  PETK 
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APPENDIX 

METHOD  DEVELOPMENT  FOR  THE  DETERMINATION  OF  °ETN 
IN  PLASMA  SAMPLES 

RAW  DATA  AND  CALCULATIONS 
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LINEARITY  AND  PRECISION  OF  PBTN  DETERMINATION  BY  HIGH  PERFORMANCE 


LIQUID  CHROMATOGRAPHY 


Reference 

58 

ml 

a 

M 

Relative0 

Calculated' 

Solution 

PETN 

Peak  Heii 

iht  (bed) 

ml 

Weight 

ng/ml 

Number 

Added 

PETN 

IS 

IS 

Response 

PETN 

A-l 

0 

<  3 

89.0 

500 

NDe 

A-2 

50 

6.0 

93.6 

500 

0.641 

47 

A-3 

100 

12.0 

88.0 

500 

0.682 

101 

A-4 

200 

23.0 

87.0 

500 

0.661 

196 

A-5 

500 

58.8 

85.0 

500 

0.692 

512 

A-6 

1,000 

89.0 

116.0 

500 

0.652 

964 

B-l 

0 

<  3 

90.0 

500 

. 

ND 

B-2 

50 

6.0 

90.0 

500 

0.667 

49 

B-3 

100 

12.4 

88.4 

500 

0.701 

104 

B-4 

200 

25.4 

94.0 

500 

0.676 

200 

B-5 

500 

60.0 

88.4 

500 

0.679 

502 

B-6 

1,000 

88.0 

118.6 

500 

0.674 

997 

C-l 

0 

<  3 

90.0 

500 

• 

ND 

C-2 

50 

6.0 

90.0 

500 

0.667 

49 

C-3 

100 

12.6 

90.0 

500 

0.700 

104 

C-4 

200 

25.0 

90.0 

500 

0.694 

205 

C-5 

500 

56.4 

86.4 

500 

0.653 

483 

C-6  . 

1,000 

118.0 

87.4 

500 

0.675 

999 

D-l 

0 

<  3 

89.0 

500 

- 

ND 

D-2 

50 

6.0 

87.0 

500 

0.690 

51 

D-3 

100 

12.5 

89.0 

500 

0.702 

104 

D-4 

200 

26.0 

99.0 

500 

0.657 

194 

D-5 

500 

59.8 

86.4 

500 

0.692 

512 

D-6 

1,000 

118.0 

89.0 

500 

0.663 

981 

Average  0.676 
Standard  Deviation  ±0.018 
Relative  Standard  Deviation  2.7% 


a  ng/ml  PETN  and  ng/ml  IS  -  concentration  of  PETN  and  IS  in  nanograms  per 
milliliter  in  each  reference  solution, 
b  Peak  Height  (mm)  -  peak  height  of  PETN  and  IS  measured  in  millimeters, 
c  Relative  Weight  Response  (RWR) 

rvr  -  Peak  Height  PETN  ng/ml  IS 
Peak  Height  IS  X  ng/ml  PETN 

d  Calculated  ng/ml  PETN  -  level  of  PETN  calculated  to  be  in  the  reference 
solution  using  the  average  RWR  value  for  all  solutions  analyzed, 
e  HD  •  not  detectable,  less  than  25  ng/ml. 
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TABLE  5 


DETERMINATION  OF  PETN 

IN  PLASMA 

SAMPLES  -  DAY  1 

Sample 

a 

ng 

Peak  Height^ 

ng/ml 

Volume 

PETN 

_ (-) _ 

ng 

PETN 

Sample  Number 

(ml) 

Added 

PETN 

IS 

IS 

Detected 

Day-1  A-l 

2.0 

0 

<  3 

110.0 

500 

ND* 

Day-1  A-50 

2.0 

100 

8.0 

116.0 

500 

26 

Day-1  A-100 

2.0 

200 

21.0 

125.0 

500 

63 

Day-1  A-200 

2.0 

400 

35.4 

130.6 

500 

102 

Day-1  A-500 

2.0 

1,000 

93.0 

125.0 

500 

279 

Day-1  A- 1000 

2.0 

2,000 

186.0 

133.2 

500 

524 

Day-1  B-0 

2.0 

0 

'  3 

105.0 

500 

ND 

Day-1  B-50 

2.0 

100 

9.6 

115.0 

500 

31 

Day-1  B-100 

2.0 

200 

20.0 

105.0 

500 

72 

Day-1  B-200 

2.0 

400 

40.0 

112.0 

500 

134 

Day-1  B-500 

2.0 

1,000 

98.6 

109.8 

500 

337 

Day-1  B-1000 

2.0 

2,000 

187.2 

104.2 

500 

674 

Reference  Solutions  - 

Day  1 

Reference 

V 

Relative* 

Solution 

ng/ml* 

Peak  Height  (mm) 

ng/mlC 

Weight 

Number 

PETN 

PETN 

IS 

IS 

Response 

Std-Day-1-5 

1,000 

118.8 

85.6 

500 

0.694 

Std-Day-1-2 

100 

13.0 

91.0 

500 

0.714 

Std-Day-1-4 

500 

60.0 

90.0 

500 

0.667 

Std-Day-1-3 

200 

26.4 

100.0 

500 

0.660 

Std-Day-1-1 

50 

5.2 

87.4 

500 

0.595 

Average  0.666 
Standard  Deviation  ±0.045 


a  ng  or  ng/ml  PETN  Added  -  nanograms  of  PETN  added  to  2.0  al  plasma  or 
present  in  reference  solution. 

b  Peak  Height  (nm)  -  peak  height  in  aillineters  of  PETN  and  IS  in  plasma 
samples  and  reference  solutions. 

c  ng  IS  -  nanograms  of  the  internal  standard  added  to  the  samples  and 
reference  solutions  for  calculation. 

d  ng/ml  PETN  Detected  -  nanograms  of  PETN  detected  per  milliliter  of  plasma. 


ng/ml  PETN  = 


Peak  Height  PETN 
Peak  Height  IS 


ng  IS  1 

X  Avg.  RWR  x  2.0  al  plasma 


e  ND  -  not  detectable,  less  than  15  ng  PETN  per  ailliliter  plasma, 
f  Relative  Weight  Response  (RWR) 


RWR 


Peak  Height  PETN  Std  ng/ml  IS 
Peak  Height  IS  x  ng/ml  PETN 
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TABLE  6 


DETERMINATION  OF  PETN 

IN  PLASMA 

SAMPLES  -  DAY  2 

Sample 

a 

ng 

Peak  Height** 

ng/ml 

Volume 

PETN 

(mm) 

ng 

PETN 

Sample  Number 

Added 

PETN 

IS 

IS 

Detected 

Day-2  A-0 

2.0 

0 

<  3 

124.0 

500 

NDe 

Day-2  A-50 

2.0 

100 

10.0 

120.0 

500 

31 

Day-2  A- 100 

2.0 

200 

18.0 

115.4 

500 

58 

Day-2  A-200 

2.0 

400 

35.0 

108.0 

500 

120 

Day-2  A-500 

2.0 

1,000 

96.0 

121.2 

500 

294 

Day-2  A- 1000 

2.0 

2,000 

176.0 

125.0 

500 

523 

Day-2  B-0 

2.0 

0 

<  3 

124.0 

500 

ND 

Day-2  B-50 

2.0 

100 

7.4 

119.4 

500 

23 

Day-2  B-100 

2.0 

200 

17.0 

122.8 

500 

51 

Day-2  B-200 

2.0 

400 

32.0 

126.0 

500 

94 

Day-2  B-500 

2.0 

1,000 

76.0 

124.0 

500 

228 

Day-2  B-1000 

2.0 

2,000 

170.0 

122.4 

500 

516 

Reference  Solutions  - 

Day  2 

Reference 

Relative^ 

Solution 

ng/ml a 

Peak  Height  (mm) 

ng/mlC 

Weight 

Number 

PETN 

PETN 

IS 

IS 

Response 

Std-Day-2-4 

500 

55.8 

84.8 

500 

0.658 

Std-Day-2-5 

1,000 

116.0 

83.2 

500 

0.697 

Std-Day-2-3 

200 

24.2 

88.0 

500 

0.683 

Std-Day-2-3 

200 

22.8 

88.6 

500 

0.643 

Std-Day-2-5 

1,000 

116.0 

85.0 

500 

0.682 

Average  0.673 
Standard  Deviation  ±0.022 


a  ng  or  ng/ml  PETN  Added  -  nanograms  of  PETN  added  to  2.0  ml  plasma  or 
present  in  reference  solution. 

b  Peak  Height  (ran)  -  peak  height  in  millimeters  of  PETN  and  IS  in  plasma 
samples  and  reference  solutions. 

c  ng  IS  -  nanograms  of  the  internal  standard  added  to  the  samples  and 
reference  solutions  for  calculation. 

d  ng/ml  PETN  Detected  -  nanograms  of  PETN  detected  per  milliliter  of  plasma. 


ng/ml  PETN  = 


Peak  Height  PETN 
Peak  Height  IS 


ng  IS 

X  Avg.  RWR  x 


_ 1 

2.0  ml  plasma 


e  ND  -  not  detectable,  less  than  15  ng  PETN  per  milliliter  plasma, 
f  Relative  Weight  Response  (RWR) 


RWR 


_  Peak  Height  PETN  Std 
Peak  Height  IS  X 


ng/ml  IS 
ng/ml  PETN 


TABLE  7 


DETERMINATION  OF  PETN 

IN  PLASMA 

SAMPLES  -  DAY  3 

Sample 

a 

ng 

Peak  Height*1 

ng/ml** 

Volume 

f>ETN 

_ Cm) _ 

ng 

PETN 

Sample  Number 

..w 

Added 

PETN 

IS 

IS 

Detected 

Day-3  A-0 

2.0 

0 

<  3 

122.0 

500 

ND* 

Day-3  A-50 

2.0 

100 

8.2 

133.8 

500 

23 

Day-3  A- 100 

2.0 

200 

17.0 

122.6 

500 

53 

Day-3  A-200 

2.0 

400 

36.0 

130.0 

500 

105 

Day-3  A-500 

2.0 

1,000 

86.8 

123.0 

500 
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Day-3  A- 1000 

2.0 

2,000 

182.8 

131.0 

500 

531 

•Day-3  A-0 

2.0 

0 

<  3 

116.0 

500 

ND 

Day-3  B-50 

2.0 

100 

8.0 

114.8 

500 

27 

Day-3  B-100 

2.0 

200 

14.2 

105.2 

500 

51 

Day-3  B-200 

2.0 

400 

36.0 

116.0 

500 

118 

Day-3  B-500 

2.0 

1,000 

93.8 

110.0 

500 

324 

Day-3  B-1000 

2.0 

2,000 

189.2 

115.2 

500 

625 

Reference  Solutions  - 

Day  3 

Reference 

V 

Relative* 

Solution 

ng/ml* 

Peak  Height  (mm) 

ng/ml C 

Weight 

Number 

PETN 

PETN 

IS 

IS 

Response 

Std-Day-3-5 

1,000 

113.0 

85.0 

500 

0.665 

Std-Day-3-4 

500 

60.5 

88.8 

500 

0.681 

Std-Day-3-3 

200 

22.0 

82.5 

500 

0.667 

Std-Day-3-4 

500 

51.2 

83.5 

500 

0.613 

Average  0.657 
Standard  Deviation  ±0.030 


a  ng  or  ng/ml  PETN  Added  -  nanograuis  of  PETN  added  to  2.0  ml  plasma  or 
present  in  reference  solution. 

b  Peak  Height  (sss)  -  peak  height  in  millimeters  of  PETN  and  IS  in  plasma 
samples  and  reference  solutions. 

c  ng  IS  -  nanograms  of  the  internal  standard  added  to  the  samples  and 
reference  solutions  for  calculation. 

d  ng/ml  PETN  Detected  -  nanograms  of  PETN  detected  per  milliliter  of  plasma. 


ng/ml  PETN  = 


Peak  Height  PETN  ng  IS  1 

Peak  Height  IS  x  Avg.  RWR  x  2.0  ml  plasma 


e  ND  -  not  detectable,  less  than  15  ng  PETN  per  milliliter  plassia. 
f  Relative  Weight  Response  (RWR) 


ng/al  IS 
ng/ml  PETN 


_  Peak  Height  PETN  Std 
Peak  Height  IS  * 


TABLE  8 


DETERMINATION  OF  PETN  IN  PLASMA  SAMPLES  -  DAY  4 


Sample 

a 

ng 

Peak  Height*1 

ng/ml d 

Volume 

PETN 

(mm) 

ngC 

PETN 

Sample  Number 

(ml) 

Added 

PETN 

IS 

IS 

Detected 

Day-4  A-0 

2.0 

0 

<  3 

134.0 

500 

ND* 

Day-4  A-50 

2.0 

100 

8.8 

131.0 

500 

28 

Day-4  A- 100 

2.0 

200 

22.0 

132.0 

500 

70 

Day-4  A-200 

2.0 

400 

39.5 

134.0 

500 

124 

Day-4  A-500 

2.0 

1,000 

106.0 

131.8 

500 

337 

Day-4  A- 1000 

2.0 

2,000 

195.2 

131.5 

500 

623 

Day-4  B-0 

2.0 

0 

<  3 

130.0 

500 

ND 

Day-4  B-50 

2.0 

100 

11.0 

123.0 

500 

38 

Day-4  B-100 

2.0 

200 

16.0 

103.4 

500 

65 

Day-4  B-200 

20 

400 

38.8 

134.0 

500 

121 

Day-4  B-500 

2.0 

1,000 

99.4 

130.6 

500 

319 

Day-4  B-1000 

2.0 

2,000 

221.0 

127.0 

500 

730 

Reference  Solutions  - 

Day  4 

Reference 

Relative^ 

Solution 

ng/ml* 

Peak  Height  (mm) 

ng/ml 

C 

Weight 

Number 

PETN 

PETN 

IS 

IS 

Response 

Std-Day-4-5 

1,000 

106.0 

94.5 

500 

0.561 

Std-Day-4-2 

100 

12.0 

101.8 

500 

0.589 

Std-Day-4-2 

100 

13.0 

102.0 

500 

0.637 

Average  0.596 

Standard  Deviation  ±0.039 

a  ng  or  ng/ml  PETN  Added 

-  nanograms 

of  PETN 

added  to  2.0  ml  pi 

asma  or 

present  in 

reference 

solution. 

b  Peak  Height 

(mm)  -  peak  height  is 

millimeters  of  PETN 

and  IS 

in  plasma 

samples  and  reference 

solutions . 

c  ng  IS  -  nanograms  of  the  internal  standard  added  to  the  samples  and 
reference  solutions  for  calculation. 


d  ng/ml  PETN  Detected  -  nanograms  of  PETN  detected  per  milliliter  of  plasma. 


ng/ml  PETN  = 


Peak  Height  PETN 
Peak  Height  IS 


x 


ng  IS 
Avg.  RWR 


x 


1 

2.0  ml  plasma 


e  ND  ■  not  detectable,  less  than  15  ng  PETN  per  milliliter  plasma, 
f  Relative  Weight  Response  (RWR) 

bvr  -  Peak  Height  PETN  Std  ng/ml  IS 
_  Peak  Height  IS  x  ng/ml  PETN 
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Analytical  Chemistry  Department 
Kansas  City,  Missouri  64110 

for 

U.S.  Army  Armament  Research  and  Development  Command 
Aberdeen  Proving  Ground  (Edgewood  Area) 

Maryland  21010 

Contract  No.  DAAK11-79-C-0110 

Identification  or  Development  of  Chemical  Analysis  Methods 
for  Plants  and  Animal  Tissues 

METHOD  DEVEIX3PMENT  FOR  THE  DETERMINATION  OF  DIMITROTOLUENE  (DNT) 

AND  TRINITROTOLUENE  (TNT)  IN  PLANT  STEMS 

1.  APPLICATION:  The  developed  method  is  for  quantitative  deter¬ 
mination  of  DNT  and  TNT  in  plant  stems  samples  using  high  performance  liquid 
chromatography  (HPLC)  with  ultraviolet  (UV)  detection  at  254  nm. 

a.  Evaluated  Concentration  Range:  The  concentration  range 
of  DNT  and  TNT  studied  in  reference  solutions  was  100,  5u,  1,000,  1,500, 
and  2,000  ng/ml  and  in  plant  stems  samples  was  50,  100,  200,  500,  and  1,000 
ng/g  (parts  per  billion,  ppb). 

b.  Sensitivity:  A  signal-to-noise  ratio  of  9  to  1  for  DNT 
(PH  -  40  mm)  and  8  to  1  for  TNT  (PH  -  30  mm)  was  obtained  with  an  injection 
of  50  til  of  a  100  ng/ml  solution  of  each  compound  (ca.  5  ng  each  compound 
on  column) . 


c.  Detection  Limits:  The  detection  limits  in  the  plant  stem 
matrix  were  65  ng/g  for  DNT  and  90  ng/g  for  TNT  using  the  Hubaux  and  Vox 
detection  limit  program. 

d.  Interferences:  Small  plant  component  peaks  were  observed 
at  the  elution  position  cf  DNT  and  TNT  in  the  blank  plant  stems  sample  and 
represented  about  5  ng/g  each  for  DNT  and  TNT.  Two  other  munitions,  cyclo- 
trimethylenetrinitramine  (RDX),  CAS  Reg.  No.  121-82-4,  and  2,4,6-trinitro- 
phenylraethylnitramine  (tetryl),  CAS  Reg.  No.  479-45-8,  were  also  included 

in  these  evaluations.  RDX  co-eluted  with  a  large  plant  stem  component  and 
thus  could  not  be  determined.  The  HPLC  elution  position  of  tetryl  was  rela¬ 
tively  free  from  plant  stem  component  interferences,  and  in  some  samples  a 
peak  at  the  elution  position  of  tetryl  was  observed.  However,  the  recovery 
of  the  peak  (tetryl)  was  low  and  inconsistent  from  sample  to  sample,  thus 
preventing  the  determination  of  tetryl. 

e.  Analysis  Rate:  The  chromatographic  time  per  injection 
was  40  min.  Two  reference  solutions  were  analyzed  prior  to  injecting  the 
prepareJ  samples,  and  two  were  analyzed  during  the  day  (160  min  total  time). 
Thus,  a  total  of  eight  prepared  plant  stems  samples  (320  min  total  time)  can 
be  analyzed  during  an  8-hr  day. 
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2.  CHEMISTRY:  DNT  (CAS  Reg.  Ho.  121-14-2)  and  THT  (CAS  Reg.  No. 
118-96-7)  have  limited  solubility  in  water  and  nonpolar  organic  solvents; 
however,  they  have  good  solubility  in  intermediate  polarity  and  polar  sol¬ 
vents  .  Each  of  these  munitions  has  a  sufficient  UV  chromophore  at  254  run 
to  allow  UV  detection  and  quantification  at  the  required  levels. 

3.  APPARATUS: 

a.  Instrumentation:  A  Waters  isocratic  liquid  chromato¬ 
graphic  system  consisting  of  a  Model  6000A  pump,  Model  U6K  injector,  and 
Model  440  UV  detector.  A  general  purpose  centrifuge  (Dynac,  Clay  Adams 
0101)  with  a  24-place  head. 

b.  HPLC  Parameters: 

1.  Column:  Spherisorb  ODS,  5  p,  250  x  4.6  mro  ID. 

2.  Eluent:  30%  acetonitrile  in  1%  acetic  acid  in  water. 

3.  Flow  rate:  1.5  ml/min. 

4.  Detector:  UV,  254  nm. 

5.  Internal  standard:  Propiophenone ,  1,000  ng/ml. 

6.  Injection  volume:  50  to  100  pi. 

7.  Retention  volumes  and  times:  DNT,  31.5  ml,  21  min; 

TNT,  34.5  ml,  23  min;  and  IS,  24  ml,  16  min  in  the 
30%  acetonitrile  eluent.  NOTE:  Slight  changes  in 
the  retention  indices  may  occur  with  fresh  eluent 
or  a  change  in  column. 

A  representative  HPLC  chromatogram  for  DNT  and  TNT  is  shown 
in  Figure  1.  Also  included  on  the  chromatogram  are  peaks  for  tue  internal 
standard  (propiophenone),  RDX,  and  tetryl. 

c.  Laboratory  Glassware  and  Equipment: 

1.  Culture  tubes  (Pyrex)  with  Teflon-lined  screw  caps. 

2.  Centrifuge  tubes  (Oak  Ridge  type,  polypropylene, 

Nalgene  3119,  capacity  50  ml)  with  screw  caps. 

3.  Volumetric  flasks  (100  ml). 

4.  Volumetric  syringes  (0-100  pi,  0-5C0  pi,  and 

0-1,000  pi). 

5.  Automatic  pipetter  (0-5  ml). 
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6.  Six-speed  Waring-type  blender  with  glass  container. 

7.  Teflon-glass,  motor-driven  tissue  homogenizer. 

8.  Filtering  apparatus  including  filter  holders,  5-ml 

disposable  syringes,  and  0.45  M  Fluoropore  filters. 

9.  Inert  gas  (nitrogen)  drying  train  with  12  ports. 

10.  Ultrasonic  cleaner  (50/60  Hz  type). 

d.  Chemicals : 

1.  DNT  and  TNT  SARMS,  obtained  from  the  U.S.  Army  Toxic 

and  Hazardous  Materials  Agency. 

2.  Propiophenone  (internal  standard),  analytical  grade. 

3.  Acetonitrile,  hexane,  and  isopropanol  (IPA),  "Distilled 

in  Glass"  grade.  The  extracting  solvent  was  2/98 

v/v  isopropanolthexane. 

4.  Acetic  acid  and  sodium  chloride,  ACS  grade. 

5.  Higi.  purity  water  from  a  Milli-Q  water  purification 

system. 

6.  Dry  ice. 

4.  STANDARDS : 

a.  Stock:  Weigh  approximately  20  mg  of  RDX,  DNT,  TNT,  and 
tetryl  SARM  or  interim  SARM  into  separate  100-al  volumetric  flasks.  Dissolve 
each  compound  in  acetonitrile  and  dilute  to  volume.  The  concentration  of 
each  compound  is  200  pg/ml .  Quantitatively  pipette  20  ml  from  each  stock 
above  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  distilled 
water.  Concentration  of  each  compound  is  40  pg/ml. 

b.  Working:  Pipette  10  ml  of  the  40  pg/ml  each  compound 
stock  into  a  100-ml  volumetric  flask  and  dilute  to  volume  with  high  purity 
water.  Concentration  of  each  compound  is  4  pg/ml.  Reference  solutions  were 
prepared  from  this  stock  as  follows: 


pi  Working 

Stock 

pi  IS 
Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(nR/ml) 

500 

500 

0 

2,000 

375 

500 

125 

1,500 

250 

500 

250 

1,000 

3 
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pi  Working 

Stock 

pi  IS 
Stock* 

pi  10%  Acetonitrile 
in  Water 

Concentration 
Each  Compound 
(ng/ml) 

125 

500 

375 

500 

25 

500 

475 

100 

0 

500 

500 

0 

*  Preparation  of  IS  stock  given  in  "c." 


c.  Internal  Standard  Stock:  Weigh  10  mg  propiophenone  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  100  pg/ml) .  Quantitatively  pipette  10  ml  of  the  100  pg/ml  stock  into 
a  100-ml  volumetric  flask  and  dilute  to  volume  with  acetonitrile  (concentra¬ 
tion,  10  pg/ml).  A  final  working  solution  of  2.0  pg/ml  is  prepared  by  pipet¬ 
ting  20  ml  of  the  10  Mg/ml  stock  into  a  100-ml  volumetric  flask  and  diluting 
to  volume  with  acetonitrile. 

5.  PROCEDURES  FOR  PLANT  STEMS  SAMPLE  DETERMINATION: 

a.  Plant  Stems  Sample  Preparation:  The  procedure  employed 
to  prepare  stems  samples  for  the  HPLC-UV  determination  of  DNT  and  TNT  con¬ 
sisted  of: 


1.  Place  approximately  50  g  of  green  plant  stems 

(precut  into  \  in.)  into  a  Waring-type  blender 
and  blend  for  1  min  on  speed  six  (liquify).  To 
prevent  the  pieces  of  stems  from  sticking  to  the 
side  of  the  blender  walls,  place  small  chunks  of 
dry  ice  into  the  blender  prior  to  blending. 

NOTE:  The  side  of  the  blender  should  be  scraped 
with  a  spatula. 

2.  Pipette  duplicate  aliquots  of  the  working  stock 

(4  pg/ml  each  RDX,  DNT,  TNT,  and  tetryl)  into  the 
polypropylene  centrifuge  tubes  at  the  following 
levels:  5,000  ng  (1.25  ml);  2,500  ng  (0.625  ml); 
1,000  ng  (6.25  ml);  500  ng  (0.125  ml);  and  250  ng 
(0.0625  ml).  Also,  prepare  two  tubes  to  serve  as 
plant  stem  blanks.  All  tubes  are  adjusted  to  a 
total  volume  of  10  ml  with  high  purity  water. 

3.  Accurately  weigh  5.0  g  homogenized  plant  stems  into 

each  of  the  12  polypropylene  centrifuge  tubes  (with 
different  levels  of  compound).  Cap  the  tubes  and 
mix  thoroughly  with  hand  shaking. 
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4.  Weigh  2  g  sodium  chloride  each  into  the  tubes  and 

again  mix  thoroughly  with  hand  and  vortex  mixer. 

5.  Extract  the  stems  with  20  ml  hexane  (2%  1PA) 

("distilled  in  glass"  grade)  by  vortexing  and  hand 
mixing  for  30  sec  followed  by  centrifugation  at 
1,000  rpm  for  10  min. 

6.  Transfer  10  ml  of  the  hexane  (21  IPA)  extracts  to 

properly  labeled  culture  tubes  with  Teflon-lined 
screw  caps. 

7.  Evaporate  the  hexane  (2%  IPA)  at  room  temperature 

under  a  stream  of  nitrogen.  NOTE:  Do  not  heat  the 
samples  during  the  evaporation  step,  or  loss  of  DNT 
and  TNT  may  occur.  Continue  evaporation  until 
hexane-lPA  has  been  completely  removed  from  the 
culture  tube. 

8.  Dissolve  the  residues  in  500  pi  acetonitrile  containing 

1,000  ng  IS,  i.e.,  internal  standard  working  solution, 
mix  thoroughly  on  a  vortex  mixer,  and  then  place  in 
ultrasonicator  for  approximately  5  min. 

9.  Add  500  pi  high  purity  water  to  each  extracted  stems 

sample  and  mix  thoroughly  on  a  vortex  mixer. 

NOTE:  Final  volume  of  the  prepared  samples  is 
1.0  ml. 

10.  Filter  the  solutions  through  0.45  p  Fluorcpore 

filters  into  culture  tubes. 

11.  Analyze  a  50-  to  100-pl  aliquot  of  each  prepared 

stem  sample  by  HPLC. 

12.  After  the  elution  of  TNT  peak,  wash  the  column  for 

3  min  with  10C%  acetonitrile  at  1.5  ml/min  to 
remove  any  late-eluting  compounds.  NOTE:  The 
acetonitrile  wash  step  is  required  to  prevent 
possible  interference  in  the  chromatographic 
analysis  of  the  next  sample  injection. 

13.  After  the  3-min  wash,  switch  the  system  back  to  the 

eluent.  Allow  approximately  7  min  for  equilibra¬ 
tion  prior  to  the  next  injection. 

b.  Calibration:  The  reference  solutions  described  in  Sec¬ 
tion  4.b  were  prepared  and  analyzed  in  quadruplicate.  The  relative  weight 
response  (RWR)  (Eq.  1)  of  each  compound  was  calculated  and  the  average  RWR 
utilized  to  determine  the  nanograms  of  each  compound  in  every  reference  so¬ 
lution  (Eq.  2).  The  nanograms  found  were  plotted  against  the  nanograms  added. 
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The  slope,  intercept,  and  correlation  coefficient  for  each  compound  were 
determined.  The  data  are  summarized  in  Table  1  and  include  the  average  value 
at  each  level  for  each  compound,  the  standard  deviation,  coefticient  of  vari¬ 
ation,  and  percent  inaccuracy.  The  raw  data  and  calculations  are  given  in 
Table  6  of  the  Appendix. 


rwr  -  Peak  Height  Cpd  ng/ml  IS  (Eq.  1) 

Peak  Height  IS  x  ng/ml  Cpd 


ml 


or  ng/5  g  compound  = 


Peak  Height  Cpd 
Peak  Height  IS 


x 


ng/ml  IS 
Avg.  RWR 


(Eq.  2) 


c.  Plant  Stems  Sample  Analysis:  The  plant  stems  samples 
prepared  as  outlined  in  Section  5. a  were  injected  onto  the  HPLC.  The  peak 
height  of  each  compound  was  measured  and  recorded.  Plant  stems  samples  were 
prepared  and  analyzed  oh  four  succeeding  days. 

6.  CALCULATION:  The  level  of  each  compound  in  the  5.0  g  plant 
stems  samples  was  determined  using  the  relative  weight  response  to  an  inter¬ 
nal  standard  method.  The  RWR  values  (Eq.  1)  for  the  reference  solutions 
analyzed  with  a  day  set  of  plant  stems  samples  were  calculated  and  the  aver¬ 
age  values  for  DNT  and  TNT  determined.  These  RWR  values  were  employed  to 
calculate  the  level  of  DNT  and  TNT  in  the  plant  stems  samples  (Eq.  2)  where 
the  nanogramc  per  milliliter  term  represents  the  level  found  in  the  5.0  g 
sample.  The  nanograms  per  gram  of  each  compound  were  determined  by  dividing 
the  level  found  by  the  sample  weight.  The  results  for  the  duplicate  deter¬ 
minations  of  DNT  and  TNT  in  plant  stems  samples  at  five  different  levels  on 
four  separate  days  are  summarized  in  Tables  2  and  3.  The  average  level  found, 
the  standard  deviation,  coefficient  of  variation,  and  percent  inaccuracy 

are  also  included.  A  linear  regression  evaluation  of  the  results  was  made; 
and  the  slope,  intercept,  and  correlation  coefficient  are  given  in  the  tables. 
The  level  of  each  compound  found  in  the  plant  stems  samples  was  plotted  against 
the  amount  added,  and  these  data  are  shown  in  Figures  2  and  3.  The  range 
presented  at  each  level  is  two  standard  deviations  of  the  average  level  found. 

A  graphic  presentation  of  the  standard  deviation,  coefficient  of  variation, 
and  percent  inaccuracy  for  the  determination  of  DNT  and  TNT  in  plant  stems 
samples  is  given  in  Figures  4  through  6,  respectively.  Representative  HPLC 
chromatograms  are  shown  for  a  plant  stems  sample  blank  (Figure  7),  a  50  ng/g 
(Figure  8),  and  a  500  ng/g  (Figure  9)  each  compound  plant  stems  sample. 

The  raw  data  and  calculations  for  the  plant  stems  sample  determinations  are 
given  in  Tables  7  and  10  in  the  Appendix. 

7.  STATISTICAL  EVALUATION  OF  DATA:  A  statistical  evaluation  of 
the  data  obtained  for  the  determination  of  DNT  and  TNT  in  plant  stems  sam¬ 
ples  (Tables  4  and  5)  by  the  Hubaux  and  Vos  detection  limit  program  was  made 
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•  t  the  U.S.  Any  Toxic  and  Hazardous  Materials  Agency.  The  results  of  these 
evaluations  are  given  in  Table  4  for  DNT  and  Table  5  for  TNT.  When  the  1,000- 
and  500-ng/g  data  points  were  omitted,  the  detection  limit  for  DNT  in  plant 
stems  as  determined  by  the  program  was  65  ng/g.  For  TNT,  the  detection  limit 
was  90  ng/g  when  the  1,000-ng/g  data  points  were  omitted.  Removal  of  the 
500-ng/g  data  points  from  the  TNT  detection  limit  calculation  resulted  in  a 
detection  limit  below  the  lowest  target  concentration,  50  ng/g.  The  average 
nanograms  per  gram  value  found  at  each  level  for  each  compound  was  determined 
from  the  linear  regression  for  the  48  data  points  and  the  nanograms  per  gram 
added  at  that  level.  The  standard  deviation  and  percent  imprecision  (coeffi¬ 
cient  of  variation)  at  each  level  were  calculated  based  on  this  average  nano¬ 
grams  per  gram  value  found.  Thus,  these  values  and  the  values  given  in  Tables 
2  and  3  for  these  terms  (based  on  the  average  of  the  eight  assays  at  each 
level)  are  not  comparable.  The  percent  inaccuracy  term  was  calculated  from 
the  average  of  the  eight  data  points  at  each  level,  and  thus  agrees  closely 
with  the  values  in  Tables  2  and  3. 
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HPLC  Conditions 

Column:  Spherisorb  ODS,  5  p, 
250  x  4.6  mm  ID 
Eluent:  302  acetonitrile  In 
12  acetic  In  water 
Flow  Rate:  1.5  ml /min 
Chart  Speed:  0.1  In. /min 
Detector:  UV,  254  nm 


Sample  Characteristics 

Concentrations:  RDX,  DNT,  TNT, 
and  tetryl  -  500  ng/inl; 

IS  -  1,000  ng/ml 
Injection  volume:  70  pi 
Attenuation:  0.01  X 


Retention  Indices 


Retention 

Volume 


Retention 

Time 


Compound 

(ml) 

(mi 

RDX 

13.5 

9 

IS 

22.5 

15 

DNT 

31.5 

21 

TNT 

34.5 

23 

tetryl 

39 

26 

Figure  1  -  HPLC  Separation  of  RDX,  DNT,  TNT,  and  Tetryl 
SARMS  and  Propiophenone  (IS) 
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TABLE  2 


Not  detectable,  less  than  2  ng/g. 


Figure  5  -  Coefficient  of  Variation  for  DNT  and  TNT  In  Plant  Stem  Samples 


HPLC  Conditions: 

Column:  Spherisorb  ODS,  5  u, 
250  x  4.6  wn  ID 
Eluent:  302  acetonitrile  In 
IX  acetic  acid  in  water 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in. /min 
Detector:  UV,  254  na 


Sample  Characteristics: 


5.0  g  plant  stem  extracted  with 
20  al  hexane  (2X  IPX).  Extract 
evaporated,  and  residue  recon¬ 
stituted  with  500  ul  acetoni¬ 
trile  and  500  ul  water. 


IS  Concentration:  1,000  ng/ral 
Injection  Volume:  70  ul 
Attenuation:  0.01  X 


Figure  7  -  HPLC  Analysis  of  Blank  Plant  Stems.  Sample  for  DNT  and 
TNT  Method  Development.  Arrows  indicate  elution  positions  for 
RDX,  DNT,  TNT,  and  tetryl. 


PPIIB  n  i  .  ,  , .  m 


X 


BPLC  Conditions; 

Column:  Spherlsorb  CDS,  5  p, 
250  x  4.6  ran  ID 
Eluent:  30X  acetonitrile  in 
IX  acetic  acid  in  water 
Flow  Hate:  1.5  ml /min 
Chart  Speed:  0.1  in. /min 
Detector:  OV,  254  na 


Sample  Characteristics: 

5.0  g  plant  stem  containing  50  ng/g 
each  munition  extracted  with  20  ml 
hexane  (2Z  IPA) .  Extract  evapor¬ 
ated,  and  residue  reconstituted 
with  500  pi  acetonitrile  and  500  pi 
water . 

IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


H - H - 1 - ( - 1 - f- 

Inj  15  30  ml 

10  20  rain 

Figure  8  -  RPLC  Analysis  of  Plant  Stems  Containing  50  ng/g 
of  RDX,  DNT  and  TNT.  "X"  denotes  plant  component.  Muni¬ 
tion  elution  positions  indicated  by  arrows. 
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HILC  Conditions: 


Column:  Spheriaorb  ODS,  5  p, 
250  z  4.6  mn  ID 
Eluent:  30Z  acetonitrile  in 
1Z  acetic  acid  in  water 
Flow  Rate:  1.5  ml/min 
Chart  Speed:  0.1  in. /min 
Detector:  0?,  254  nm 


»ple  Characterlatlc8: 

5.0  g  plant  atem  containing  500 
ng/g  each  munition  extracted 
with  20  ml  hexane  (2Z  IPA). 
Extract  evaporated,  and  residue 
reconstituted  with  500  pi  aceto¬ 
nitrile  and  500  pi  water. 


tetryl 


T - 1" - « 

15 


IS  Concentration:  1,000  ng/ml 
Injection  Volume:  70  pi 
Attenuation:  0.01  X 


Figure  9  -  HPLC  Analysis  of  Plant  Stems  Containing  500  ng/g 
RDX,  DNT,  TNT,  and  Tetryl.  "X"  indicates  elution  position 
plant  component  interfering  with  RDX. 
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STATISTICAL  EVALUATION  OF  DNT  IN  PLANT  STEMS  DATA  BY 
THE  HUBAUX'  AND  VOS  DETECTION  LIMIT  PROGRAM 
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TABLE  6  (concluded) 


RDX 

DNT 

TNT 


Average 

0.95 

1.07 

0.89 


Relative  Weight  Response 


Relative 

Standard  Standard 

Deviation  Deviation 


±  0.05  5.2% 
±  0.05  A. 9% 
±  0.04  5.1% 
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